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Not applicable. 

3. All parent corporations and any publicly held companies that own 10 
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STATEMENT OF RELATED CASES 

No appeal from the same proceedings was previously before this Court or 

any other appellate court.  Counsel are aware of no other cases that will directly 

affect or be directly affected by this Court’s decision in the pending appeal. 

JURISDICTIONAL STATEMENT 

The Patent Trial and Appeal Board asserted jurisdiction under 35 U.S.C. 

§§ 311-319.  Although currently foreclosed by this Court’s precedent, AbbVie 

preserves its challenge to the Board’s jurisdiction based on the arguments 

presented in Oil States Energy Services LLC v. Greene’s Energy Group, LLC, No. 

16-712 (U.S.).  See infra § III.  This Court has jurisdiction over AbbVie’s 

consolidated appeals from the Board’s final written decisions pursuant to 28 

U.S.C. § 1295(a)(4)(A) and 35 U.S.C. §§ 141(c) & 319.  AbbVie filed timely 

notices of appeal on July 14, 2017 in IPR2016-00172, -00188, and -00189 

(Appx43494-43497; Appx44039-44042; Appx44563-44566), and on July 31, 2017 

in IPR2016-00408 and -409 (Appx45205-45208; Appx45871-45874). 

INTRODUCTION 

The patents at issue in this appeal claim the first-approved treatment regimen 

for AbbVie’s blockbuster drug HUMIRA®.  Before AbbVie’s breakthrough, the 

FDA had never approved any monoclonal antibody for subcutaneous 

administration to treat any condition.  Nor had it ever approved any treatment 
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using a fully human antibody.  AbbVie achieved those historic firsts through 

ingenuity and investment in the face of great uncertainty.  For years after the 

discovery of the antibody in HUMIRA® (D2E7), scientists worked to figure out the 

best regimen for using it to treat patients with rheumatoid arthritis (RA).  Those 

efforts ultimately yielded a novel course of treatment involving every-other-week, 

subcutaneous administration of 40 mg fixed doses of the antibody D2E7 for a 

period sufficient to treat RA.  That regimen has helped hundreds of thousands of 

patients and made HUMIRA® the most successful drug in the world.  Nonetheless, 

through a series of legal errors and improper hindsight, the Patent Trial and Appeal 

Board deemed AbbVie’s invention obvious.  This Court should reverse those 

errors and restore the claims on AbbVie’s pioneering inventions. 

The Board’s obviousness ruling mixed and matched preliminary data from 

early trials of D2E7 using the roadmap provided by AbbVie’s claims.  The first set 

of trials that the Board relied on involved intravenous administration of patient-

specific, weight-based doses ranging from 0.5 mg/kg to 10 mg/kg of D2E7 with a 

minimum interval of every other week.  A later trial involved subcutaneous 

administration of fixed doses of 20 mg, 40 mg, and 80 mg weekly.  These early 

trials showed promise but left numerous questions unanswered. 

In particular, it was unclear that low and less frequent subcutaneous doses 

would be safe and effective.  The longest interval between subcutaneous doses of 
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D2E7 discussed in the instituted prior art combinations was one week.  It was 

understood that less frequent doses would have led to larger swings in plasma 

concentration and lower trough concentrations (Cmin) between doses than 

administration of the same total dose over a shorter interval.  Thus, the average 

Cmin of a 40 mg dose administered subcutaneously every other week would have 

been expected to be lower than the average steady-state Cmin of the lowest 

subcutaneous dose tested in the prior art.  Further, the prior art disclosed that every 

patient who received an every-other-week intravenous dose of 0.5 mg/kg (which 

the Board equated to 40 mg for an 80 kg patient) had been switched to a higher 

dose (i.e., up-dosed) or withdrawn from the study by the end of 12 weeks.  That 

up-dosing occurred, moreover, even in the absence of the decreased bioavailability 

caused by subcutaneous dosing and the additional variability caused by 

administering a fixed dose across an entire patient population. 

Despite these uncertainties and risks, AbbVie took a plunge into the 

unknown and developed a dosing regimen with a unique combination of features.  

The inventors unexpectedly discovered that an every-other-week, subcutaneous 

fixed dose of 40 mg of D2E7, alone or in combination with methotrexate, was safe 

and effective to treat RA.  The inventors further claimed the administration of this 

regimen for at least 24 weeks. 
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The Board’s obviousness determination, made sixteen years after AbbVie 

achieved these breakthroughs and ushered in a new era in RA treatment, is rife 

with error.  Particularly pernicious were two fundamental errors of law that 

pervaded the Board’s analysis. 

First, the Board consistently treated points of uncertainty in the prior art as 

counting against AbbVie, even though Petitioners had the burden of proof.  This 

caused the Board to discount the up-dosing in the prior art, the concerns about low 

trough concentrations, and other factors that would have impacted a skilled 

artisan’s motivation to combine and reasonable expectation of success.  Had the 

Board properly placed the burden of overcoming these uncertainties on Petitioners, 

it could not have reached the determination that it did. 

Second, the Board exacerbated these errors by engaging in a 

compartmentalized analysis that considered the elements of each claim in isolation 

rather than the claim as a whole.  This caused the Board to ignore the cumulative 

impact of the uncertainties that underscored the nonobviousness of AbbVie’s 

discovery, including the loss of bioavailability that comes with using a low dose 

less frequently and administering it subcutaneously, and the loss of margin for 

error that comes with a single fixed dose that must work across a diverse patient 

population.  Moreover, the Board failed to meaningfully analyze the additional 24-

week treatment limitation in two of the dependent claims—a striking failure given 
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that all the patients at the lowest dose in one study had been up-dosed or 

withdrawn after only 12 weeks. 

The Board applied a flawed legal framework and, as a consequence, found 

unpatentable claims covering the original treatment regimen for the most 

successful drug in the world.  To the extent the Board had constitutional authority 

to issue its decision, this Court should correct the Board’s legal errors and reverse 

on the merits. 

STATEMENT OF ISSUES ON APPEAL 

With regard to all claims: 

1. Whether the Board committed legal error by basing its obviousness 

decisions on hindsight mixing and matching of prior art elements. 

2. Whether the Board committed legal error in relieving Petitioners of 

their burden of proof by counting uncertainties against AbbVie rather than treating 

them as a failure of proof on motivation to combine and/or reasonable expectation 

of success. 

3. Whether the Board committed legal error by considering the elements 

of each claim in isolation rather than the claim as a whole, including disregarding 

the “at least 24 weeks” limitation in claims 3 and 4 of U.S. Patent No. 8,889,135. 
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4. Whether the Board’s decisions are unconstitutional under Article III 

and the Seventh Amendment for at least the reasons raised in Oil States Energy 

Services LLC v. Greene’s Energy Group, LLC, No. 16-712 (U.S.). 

With regard to IPR2016-00409 (claims 1-5 of the ’135 patent): 

5. Whether the Board erred by evaluating the combination of Rau 1998, 

Schattenkirchner, and van de Putte 1999 under 35 U.S.C. § 314(a)’s institution-

stage requirement to show a “reasonable likelihood [of] … prevail[ing]” instead of 

35 U.S.C. § 316(e)’s trial-stage requirement to “prov[e] a proposition of 

unpatentability by a preponderance of the evidence.” 

STATEMENT OF THE CASE 

A. Rheumatoid Arthritis 

RA is a chronic, progressive inflammatory disease of the joints and 

surrounding tissue.  Appx5500-5501.  There is no cure for RA, and if it is left 

untreated or undertreated, it can cause irreversible damage.  Appx5501.  Tumor 

necrosis factor α (TNFα) is a cytokine believed to play a harmful role in RA.  

Appx244(1:12-35); Appx48.   

In 1995, AbbVie’s predecessor created D2E7, the anti-TNFα antibody in 

HUMIRA®.  It took another seven years for AbbVie to develop a product and 

secure approval from the FDA.  Appx6756-6760.  One of the major struggles 

during that period was to develop a dosing regimen for patients with RA. 
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The use of monoclonal antibodies as therapeutic agents was still in its 

infancy at the time.  As of AbbVie’s June 2001 priority date, only eleven such 

antibodies had been approved, most for acute rather than chronic conditions.  

Appx5551-5552.  No antibody had ever been approved for subcutaneous injection.  

Appx5551. 

B. Prior Art Combinations 

The Board instituted five IPR proceedings to determine the patentability of 

three AbbVie patents: (1) U.S. Patent No. 8,889,135; (2) U.S. Patent No. 

9,017,680; and (3) U.S. Patent No. 9,073,987.  At issue were three obviousness 

combinations involving references discussing five preliminary clinical studies of 

D2E7.  Appx5510; Appx31638. 

IPR 
Proceeding 

Patent Claims Found 
Unpatentable 

Prior Art 
Combination(s) 

Studies 
Reported 

IPR2016-
00172 

’135 patent (claims 1-5) Kempeni DE001/DE003; 
DE004; DE010 

van de Putte 1999 DE007 
IPR2016-
00188 

’680 patent (claims 1-4) Kempeni DE001/DE003; 
DE004; DE010 

van de Putte 1999 DE007 
IPR2016-
00189 

’987 patent (claims 1-2) Kempeni DE001/DE003; 
DE004; DE010 

van de Putte 1999 DE007 
IPR2016-
00408 

’135 patent (claims 1-5) van de Putte 2000 DE007 
Rau 2000 DE001/DE003, 

DE004, DE010, 
DE007 
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IPR 
Proceeding 

Patent Claims Found 
Unpatentable 

Prior Art 
Combination(s) 

Studies 
Reported 

IPR2016-
00409 

’135 patent (claims 1-5) Kempeni1 
 

DE001/DE003; 
DE004; DE010 

van de Putte 1999 DE007 
Rau 1998 DE003 
Schattenkirchner DE004 
van de Putte 1999 DE007 

 
At their core, the Board decisions relied on combining the DE007 study 

(which involved subcutaneous administration of fixed doses of 20 mg, 40 mg, and 

80 mg once-weekly) with the DE003 study (which involved intravenous 

administration of weight-based doses ranging from 0.5 mg/kg to 10 mg/kg roughly 

every-other-week, with all patients receiving 0.5 mg/kg either up-dosed or 

withdrawn from the study by 12 weeks).  The Board focused in particular on (1) the 

20 mg and 40 mg weekly subcutaneous doses reported in the DE007 study, and (2) 

the weight-based 0.5 mg/kg dose (which the Board treated as approximately 40 mg 

for an 80 kg patient) administered intravenously with a minimum interval of every 

other week, in the DE003 study. 

1. van de Putte 1999 and 2000 (DE007) 

The van de Putte 1999 (Appx28063-28069) and van de Putte 2000 

(Appx28070-28076) abstracts reported on the DE007 trial, in which patients 

                                           
1 The final written decision in the -409 IPR mistakenly refers at one point to the 
combination of “van de Putte 2000 and Rau 2000.”  Appx186.  The actual 
combination that was analyzed as the first ground in that IPR was van de Putte 
1999 and Kempeni.  Appx182; Appx192-196. 
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received weekly fixed doses of placebo or D2E7 at 20, 40, or 80 mg by 

subcutaneous self-injection.  van de Putte 1999 reported three-month results, while 

van de Putte 2000 reported both three-month and six-month results.  Both van de 

Putte 1999 and 2000 concluded that, “[f]or all efficacy parameters studied, all 

doses of D2E7 were statistically significantly superior to placebo.”  The abstracts 

also reported that, compared to placebo, “20, 40 and 80 mg/week were nearly” 

(Appx28069), or “statistically” (Appx28076), “equally efficacious when given s.c. 

in patients with active RA.”  But the DE007 trial was not powered to compare the 

experimental arms to each other statistically.  Appx5659-5660; Appx31789-31790. 

Neither abstract disclosed any dosing interval longer than one week.  

Further, van de Putte 1999 did not disclose administering D2E7 for a period of at 

least 24 weeks.  Appx15; Appx 197. 

2. Kempeni and Rau 2000 (DE001, DE003, DE004, DE007, 
DE010) 

Kempeni was a review article published in 1999 that briefly described four 

clinical trials.  Appx2703-2705.  Later references labelled the trials discussed as 

DE001, DE003, DE004, and DE010.  Compare Appx2703-2705 with Appx28086-

28089.  Rau 2000 was an article published in German that described five clinical 

trials.  Appx28082-28092 (English translation).  Four were the same as discussed 

in Kempeni: DE001, DE003, DE004, and DE010.  The fifth was the trial discussed 

in van de Putte 1999 and 2000: DE007. 
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DE001.  Patients in DE001 received a single intravenous injection with a 

weight-based dose of D2E7 in amounts ranging from 0.5 to 10 mg/kg or placebo.  

Appx28086.  Patients were evaluated for at least four weeks to determine D2E7’s 

pharmacokinetics, safety, and efficacy.  Appx28086; Appx11. 

Kempeni did not report any results from the lowest dose of 0.5 mg/kg.  In 

contrast, Kempeni highlighted the results in “the three highest dose groups”—i.e., 

3, 5, and 10 mg/kg.  Appx2704 (emphasis added).  Kempeni estimated that the 

mean terminal half-life of D2E7 was “11.6 to 13.7 days.”  Appx2704.   

Rau 2000 reported that 80% of patients administered 3-10 mg/kg and 65% 

of patients administered 1 mg/kg achieved an ACR 20 response.2  It noted that, in 

contrast to the higher doses, “after the lower doses (0.5 or 1 mg per kg of body 

weight) the number of swollen joints gradually increased again,” and that “[i]n the 

0.5 mg group there was a worsening again [in the erythrocyte sedimentation rate] 

already after one week.”  Appx28087. 

DE003.  DE003 was an open-label extension of DE001.  Appx2704; 

Appx28086.  Patients were given a second blinded dose of D2E7 identical to the 

first after a minimum period of four weeks.  Appx2704; Appx28086.  Subsequent 

                                           
2 ACR 20 (named for the American College of Rheumatology) is achieved if the 
number of joints painful to pressure and the number of swollen joints each improve 
by 20% and at least three of five additional criteria also improve by 20%.  
Appx28087. 
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doses were administered with a minimum interval of two weeks until patients 

achieved a “good” Disease Activity Score (DAS).  Appx2704; Appx28086.3   

Kempeni reported that “patients who did not respond well after 0.5 mg/kg or 

1 mg/kg received higher doses of up to a maximum of 3 mg/kg.”  Appx2704.  

Doses were “kept constant” without any up-dosing for patients receiving the higher 

doses of 3, 5, or 10 mg/kg.  Appx2704. 

Rau 2000 confirmed this up-dosing of patients on the lower doses and 

showed that all patients receiving an intravenous dose of 0.5 mg/kg (i.e., 40 mg for 

an 80 kg patient) had been either up-dosed or withdrawn from the study by week 

12: 

 
                                           
3 DAS is a “composite index, calculated from the number of joints painful to 
pressure, the number of swollen joints, the ESR [erythrocyte sedimentation rate], 
and the general condition of health.”  Appx28087. 
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Appx31655 (annotated version of Appx33396, Fig. 4); see also Appx31655 

(annotated version of Appx33397 Fig. 5 showing the same up-dosing or 

withdrawal of all patients receiving 0.5 mg/kg by week 12); Appx31821-31822. 

Rau also reported that, over 1.5 years, D2E7 “resulted in an impressive 

statistically significant and long-lasting reduction of disease activity … with all 

doses >1 (3) mg/kg body weight.”  Appx28085.  This positive assessment notably 

did not encompass the low-end dose of 0.5 mg/kg.  Rau 2000 also said that “D2E7, 

with a half-life of 12 days, can be administered every two weeks as an intravenous 

injection over 3-5 minutes or subcutaneously.”  Appx28089.  Again, there was no 

indication that this assessment applied to the low-end dose of 0.5 mg/kg. 

DE004.  DE004 tested weekly subcutaneous administration of D2E7 in 

weight-based doses of 0.5-1 mg/kg.  Appx28088; Appx2704-2705.  The study 

lasted 12 weeks and included 24 patients.  Appx28088.  Kempeni noted that, 

“[b]ased on preliminary data, plasma concentrations of D2E7 after multiple 

subcutaneous doses were comparable to those achieved with intravenous 

administration.”  Appx2705.  It is unclear what doses were being compared 

because DE004 did not include an intravenous arm.  Appx31787; Appx6134.  

Kempeni also reported that, even with weekly subcutaneous administration, some 

patients receiving 0.5 mg/kg still had to be up-dosed.  Appx2705.  Rau 2000 

reported that 78% of patients receiving 0.5-1 mg/kg weekly achieved a “‘moderate 
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response’” in their Disease Activity Score and concluded that D2E7 is “also 

effective subcutaneously,” in the context of discussing those dosages.  Appx28088. 

DE010.  DE010 tested D2E7 in combination with methotrexate.  

Appx28089.  Patients were randomly assigned to receive a stable dose of 

methotrexate in combination with 1 mg/kg subcutaneously, 1 mg/kg intravenously, 

or placebo.  Appx28089.  After the second injection, patients were treated openly 

with 1 mg/kg subcutaneously.  Appx28089.  Kempeni and Rau 2000 reported only 

preliminary results after a single injection.  Appx2705; Appx28089.  Rau 2000 

noted that “[i]ntravenous administration gives advantages” compared to 

subcutaneous administration across multiple criteria.  Appx28089. 

DE007.  DE007 was the phase II study discussed in the van de Putte 

abstracts, in which patients received weekly subcutaneous injections of 20 mg, 40 

mg, 80 mg, or placebo.  It was not mentioned in Kempeni and received only a 

single paragraph in Rau 2000.  Appx28088-28089.  Rau 2000 did not even report 

any results from patients receiving the lowest dose of 20 mg weekly. 

3. Rau 1998 and Schattenkirchner (DE003, DE004) 

The final combination considered by the Board involved van de Putte 1999, 

Rau 1998, and Schattenkirchner.  Rau 1998 and Schattenkirchner did not add any 

material information to the disclosures of Kempeni and Rau 2000. 

Case: 17-2304      Document: 36     Page: 22     Filed: 12/13/2017



 

14 

Rau 1998 was an abstract reporting results from DE003.  Appx36289-36293.  

It reinforced that up-dosing had occurred, noting that “dose escalation was offered 

to patients treated with 0.5 and 1 mg D2E7/kg body weight.”  Appx36293.  

Looking at 12-month results (i.e., after up-dosing of patients receiving 0.5 or 1 

mg/kg), it reported that 80% of patients on all remaining doses “achieved and 

sustained responder status.”  Appx36293. 

Schattenkirchner was an abstract reporting six-month results from DE004, in 

which 24 patients were given weekly subcutaneous injections of 0.5 mg/kg D2E7 

or placebo.  Appx36284-36288; Appx227.  Like Kempeni, Schattenkirchner 

reported that, “[b]ased on preliminary data, plasma concentrations of D2E7 after 

multiple s.c. injections are comparable with those after i.v. injections of D2E7” and 

that “s.c. administration of D2E7 has been shown to be safe and efficacious.”  

Appx36288.  But, again like Kempeni, it was unclear what doses were being 

compared, and Schattenkirchner reported that patients who did not respond or lost 

their responder status to 0.5 mg/kg weekly subcutaneous injection, had to be up-

dosed to 1 mg/kg.  Appx36288. 

4. Summary of the Prior Art 

The five trials discussed in the prior art can be summarized as follows: 

Study Dose Route Frequency Reported in 

DE001 Weight-based (0.5-10 
mg/kg) 

IV Single dose, second 
dose no sooner than 

Kempeni 
Rau 2000 
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Study Dose Route Frequency Reported in 

DE003 Weight-based (0.5-10 
mg/kg), with up-
dosing  

IV 4 weeks later, 
biweekly dose until 
“good” then 
minimum 2-week 
interval. 

Kempeni 
Rau 2000 
Rau 1998 

DE004 Weight-based (0.5 
mg/kg), with up-
dosing 

SC Weekly dose. Kempeni 
Rau 2000 
Schattenkirchner 

DE010 Weight-based (1 
mg/kg), with 
methotrexate 

SC & 
IV 

Single dose, second 
dose, open label 
extension.  
Frequency not 
reported in Kempeni 
or Rau 2000. 

Kempeni 
Rau 2000 

DE007 Fixed (20, 40, 80 mg) SC Weekly dose. van de Putte 1999 
van de Putte 2000 
Rau 2000 

 
Even artificially restricting the variables to those reported in the references 

asserted by Petitioners would have yielded 96 different possible combinations of 

route of administration (intravenous or subcutaneous), dose (0.5 mg/kg, 1 mg/kg, 3 

mg/kg, 5 mg/kg, 10 mg/kg, 20 mg, 40 mg, 80 mg), interval (weekly, every-other-

week, when response status is lost), and co-administration (with or without 

methotrexate).  Appx5517-5518.  The number of options increased significantly 

with the addition of more variables, including doses and intervals other than those 

used in the asserted references, doses and intervals other than those previously 
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reported in the prior art, use of a loading dose, co-administration with agents other 

than methotrexate, and measures to individualize treatment.  Appx5518. 

C. Multi-Dose Pharmacokinetics 

The difficulty of designing a treatment regimen was further complicated by 

basic principles of pharmacokinetics (PK) and pharmacodynamics (PD), including 

the fact that delivering more of a drug less frequently is not necessarily equivalent 

to delivering a proportionately smaller dose more frequently.  Appx31769-31772. 

Chronic diseases like RA are treated with multiple-dose regimens, which 

have a more complex PK profile than single-dose administration.  Appx31767-

31768.  Over multiple administrations, a drug typically accumulates in the body 

until it reaches “steady state,” when the amount of drug eliminated from the body 

is equal to the amount absorbed into the body following the previous dose.  

Appx31767-31768.  Cmax is the highest concentration of the drug reached at the site 

of measurement.  Cmin, also called trough level, reflects the lowest concentration 

experienced between doses.  Appx31768. 

The size of the dose and the interval between doses can affect the magnitude 

of fluctuations between Cmax and Cmin at steady state.  Appx31769-31770.  For 

example, giving a higher dose less frequently will produce greater fluctuations at 

steady state, with higher peaks and lower trough concentrations.  Appx31770-

31771.  Thus, even when higher doses and a longer gap between doses result in 
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administration of the same total amount of drug over time as a regimen with lower 

doses administered more frequently, the higher dose/less frequent regimen would 

be expected to produce lower average Cmin values at steady state.  Appx31770-

31771. 

The diagram below illustrates this principle by contrasting the PK profile of 

a drug given as 200 mg once every half-life (black line) with the profile of a drug 

given as 100 mg twice every half-life (red line).  As can be seen, “[a]dministration 

at double the dose and double the dosing interval results in higher peak (Cmax) and 

lower trough (Cmin) concentrations.”  Appx31770-31771.  
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Appx31771; Appx32148.  Similarly, a well-known textbook in the prior art stated 

that the “‘Cmax and Cmin fluctuation’ for a 250 mg dose given every 3 hours would 

be half that of a 500 mg dose given every 6 hours.”  Appx31771. 

The method of administration can also affect a drug’s PK profile.  

Subcutaneous administration delivers a drug under the skin and typically causes 

loss and/or delay as the drug is absorbed into the bloodstream.  Appx31763.  “The 

bioavailability of a [subcutaneously] administered drug is almost always lower 

than for the same drug administered intravenously.”  Appx31765. 

Researchers must also account for variation within a patient population.  

Age, weight, severity of disease, renal and liver function, genetics, concurrent 

drugs, and environmental factors can all impact a drug’s PK/PD profile.  

Appx31773; Appx32052; Appx30819.  A “fixed dosing regimen” that is 

“therapeutic in some patients” may prove “ineffective” or “toxic” in others.  

Appx31773; Appx32052. 

D. The Challenged AbbVie Patents 

The inventors of the ’135, ’680, and ’987 patents overcame all these 

challenges and uncertainties in designing a novel and nonobvious method of 

treatment for RA.  Despite the positive results achieved with higher doses/more 

frequent administration and the concerns generated by lower doses/less frequent 

administration, the inventors counterintuitively designed a treatment regimen in 
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which 40 mg of D2E7 is administered subcutaneously, every other week, with or 

without methotrexate, for a time period sufficient to treat RA. 

In 2002, that protocol became the original FDA-approved regimen for 

D2E7, which AbbVie released as HUMIRA® in 2003.  Appx3304; Appx5570.  

HUMIRA® was the first-ever FDA-approved fully human monoclonal antibody 

treatment and the first monoclonal antibody of any kind labeled for subcutaneous 

administration.  Appx5551; Appx5507.  Since its historic introduction, HUMIRA® 

has become the most successful drug in the world.  Appx5572. 

’135 Patent.  U.S. Patent No. 8,889,135, which has a June 8, 2001 priority 

date, contains five claims.  Independent claim 1 recites: 

A method for treating rheumatoid arthritis in a human subject, 
comprising administering subcutaneously to a human subject having 
rheumatoid arthritis a total body dose of 40 mg of a human anti-TNFα 
antibody once every 13-15 days for a time period sufficient to treat the 
rheumatoid arthritis, wherein the anti-TNFα antibody comprises an 
IgG1 heavy chain constant region; a variable light (“VL”) chain region 
comprising [three CDRs with specified sequences]; and a variable 
heavy (“VH”) chain region comprising [three CDRs with specified 
sequences]. 

Appx266 (emphases added).  Dependent claim 2 specifies particular sequences for 

the VL and VH chains.  Appx266.  Dependent claim 3 specifies that the antibody in 

claim 2 “is administered for a period of at least 24 weeks,” and dependent claim 4 

specifies that the antibody in claim 1 “is administered for a period of at least 24 

weeks.”  Appx266 (emphases added).  Independent claim 5 resembles claim 1, but 
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it replaces “comprising” with “consisting of” and further recites that the antibody 

is “administered in the form of a pharmaceutically acceptable composition.”  

Appx266. 

’680 and ’987 Patents.  U.S. Patent No. 9,017,680 and U.S. Patent No. 

9,073,987, which also have a June 8, 2001 priority date, contain claims directed to 

reducing signs and symptoms in a patient with moderately to severely active RA 

by administering an anti-TNFα antibody having the six CDRs and heavy chain 

constant region of D2E7.  Appx305; Appx48-49.  Each of the claims requires 

administering a total body dose of 40 mg subcutaneously once every 13-15 days 

(i.e., every other week).  Appx305; Appx48-49.  This administration occurs in 

combination with methotrexate in the claims of the ’680 patent. 

E. The Board Proceedings 

1. IPR2016-00172, -00188, and -00189 (Coherus IPRs) 

In the -172, -188, and -189 IPR proceedings brought by Coherus 

BioSciences, Inc. (Coherus), the Board held that the claims of the ’135 patent, the 

’680 patent, and the ’987 patent, respectively, would have been obvious over the 

combination of Kempeni and van de Putte 1999. 

The Board began its analysis by construing the claims of the challenged 

patents.  Noting that the claims “do not recite any particular level of efficacy,” it 

held that they do not require significant reduction in the signs and symptoms of 
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RA.  Appx8.  On that assumption, the Board concluded that “van de Putte and 

Kempeni collectively disclose each limitation” of the challenged claims.  Appx15.  

The Board then turned to whether a skilled artisan would have been motivated to 

combine the references with a reasonable expectation of success. 

The Board first analyzed the abstract question of whether a skilled artisan 

would have had “reason to select … and a reasonable expectation of success in 

achieving a subcutaneous fixed dose.”  Appx17 (emphasis added).  The Board then 

singled out the 40 mg weekly subcutaneous dose discussed in van de Putte 1999—

without explaining why it was selected over a higher dose—and asked whether “a 

skilled artisan would have had a reason to modify the van de Putte dosing regimen 

to administer 40 mg doses on a biweekly schedule and expect success in treating 

RA with that regimen.”  Appx18. 

Notably, the Board rejected Coherus’s theory, which had formed the basis 

for its institution decision, that D2E7’s terminal half-life and the 20 mg weekly 

dose reported in van de Putte 1999 would have supported every-other-week 

administration of 40 mg of D2E7.  Appx18-24.  The Board explained that 

Coherus’s expert, who had opined that the amount of D2E7 circulating two weeks 

after a 40 mg dose would have been equivalent to or greater than the 20 mg dose in 

van de Putte 1999, “takes an overly simplistic approach to modeling a dosing 
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regimen.”  Appx23.  It also noted that “several prior art therapeutic antibodies … 

were not dosed … at a frequency equal to a single half-life.”  Appx22. 

The Board, however, adopted the alternative theory that Kempeni’s 

discussion of an every-other-week 0.5 mg/kg intravenous dose would have led a 

skilled artisan to convert van de Putte 1999’s 40 mg weekly dose into an every-

other-week 40 mg dose.  Appx22.  The Board stated that “a 0.5 mg/kg dose is 

equivalent to a 40 mg fixed dose for an 80 kg (i.e., average) patient.”  Appx25.  It 

then quoted Kempeni’s statement that long-term treatment in the dose range from 

0.5 to 10 mg/kg “was well tolerated” (Appx25), without acknowledging that “well 

tolerated” does not speak to or suggest efficacy (Appx2726; Appx6577).4 

After this single paragraph of analysis, the Board framed the rest of its 

discussion as a rejection of the proposition that the prior art taught away.  Appx26-

37; Appx71-83; Appx114-127.  The Board agreed that “a drug administered 

subcutaneously can be less bioavailable than a drug administered intravenously,” 

but it dismissed this concern based on Kempeni’s statement that subcutaneous 

administration produced “comparable” plasma concentrations.  Appx27-28.  The 

Board did not acknowledge that Kempeni was referring to a study in which 

                                           
4 In IPR2016-00188, the Board also relied on Kempeni to teach co-administration 
with methotrexate.  Appx61. 
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patients received weekly weight-based doses of 0.5 mg/kg, with up-dosing for non-

responders.  Appx2704-2705. 

The Board also dismissed the prior art reports of up-dosing and other 

problems with the low-end dose of 0.5 mg/kg administered intravenously every-

other-week.  Citing attorney argument in Coherus’s reply brief that was 

unsupported by any expert testimony, the Board concluded that up-dosing did not 

show an inadequate response because it may have occurred even when patients 

achieved a “moderate response.”  Appx28-29.  The Board did not discuss the fact 

that, after 12 weeks, no patients in the DE003 study were receiving the 0.5 mg/kg 

dose (Appx43392; Appx43459), even though the Board relied on the DE003 study 

in Kempeni to supply the “at least 24 weeks” limitation in claims 3 and 4 of the 

’135 patent, which it acknowledged was not disclosed in van de Putte 1999 

(Appx15). 

The Board also concluded that PK principles predicting low Cmin values 

from less frequent dosing would not have discouraged a skilled artisan.  

Improperly relying on the path followed by the inventors, the Board observed that 

the “Patent Owner developed the D2E7 dosing regimen through clinical trials,” not 

modeling.  Appx33; Appx78; Appx121.  The Board also discounted concerns 

about low Cmin values based on the lack of information in the prior art, saying that 

“the publicly available PK information in June 2001 would not have permitted a 
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PK/PD correlation for modeling purposes,” and that “the minimum effective dose 

of D2E7 ‘was undefined in June 2001.’”  Appx33. 

Finally, the Board rejected AbbVie’s evidence of HUMIRA®’s commercial 

success, long-felt need, and unexpected efficacy of the dosing regimen as objective 

indicia of nonobviousness.  Appx38-43; Appx83-89; Appx126-132. 

2. IPR2016-00408 and -409 (Boehringer IPRs) 

The -408 and -409 IPR proceedings brought by Boehringer Ingelheim 

International GmbH and Boehringer Ingelheim Pharmaceuticals, Inc. (together, 

Boehringer) challenged only the ’135 patent.  In the -408 proceeding, the Board 

held that the ’135 patent is unpatentable as obvious over the combination of van de 

Putte 2000 and Rau 2000.  Appx178.  In the -409 proceeding, the Board held that 

the ’135 patent is unpatentable as obvious over the combination of van de Putte 

1999 and Kempeni.  Appx226.  The Board further concluded that Boehringer had 

“establishe[d] a reasonable likelihood of prevailing at trial on claims 1-5 of the 

’135 patent” with respect to Boehringer’s third obviousness combination: Rau 

1998, Schattenkirchner, and van de Putte 1999.  Appx228.  

The Board’s analysis largely mirrored its decisions in the three Coherus 

IPRs.  The Board again construed the claims not to require any particular level of 

efficacy, and on that basis found that the prior art disclosed every element in the 

challenged claims.  Appx141-145; Appx149-152; Appx187-191; Appx197-199.  
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The Board then repeated its separate analyses of the selection of a subcutaneous 

fixed dose and the selection of a dose amount and interval.  Once again, the largest 

portion of its analysis focused on whether the Board thought there was sufficient 

evidence of teaching away.  Appx160-172; Appx207-220. 

The primary difference from the Coherus IPRs is that, in the -408 IPR, the 

Board was combining the discussion of the DE007 study in van de Putte 2000 

(rather than van de Putte 1999) with the discussion of the DE003 study in Rau 

2000 (rather than Kempeni).  Appx147-148.  The Board also relied on a third 

reference (Weisman) that had not been part of the instituted ground.  Appx166.  

Finally, the Board once again agreed that half-life alone does not provide sufficient 

information to design a dosing regimen, but relied on D2E7’s reported half-life 

coupled with the clinical data in the prior art.  Appx172. 

The Board’s -409 decision largely repeated the same discussion, but with the 

combination of van de Putte 1999 and Kempeni that was addressed in the Coherus 

IPRs.  The decision also included a three-page section at the end devoted to the 

alternative combination of Rau 1998, Schattenkirchner, and van de Putte 1999.  

Appx226-228.  In that section, the Board applied the standard for instituting an IPR 

(“reasonable likelihood of prevailing at trial”) rather than the standard applicable to 

a final written decision.  Appx228. 
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SUMMARY OF THE ARGUMENT 

1. The Board improperly relied on hindsight to piece together the 

elements of AbbVie’s invention.  The prior art presented a wide range of possible 

approaches to treating RA with D2E7.  The choices included whether to administer 

a fixed dose or patient-specific weight-based dose, the size of the dose, the 

treatment interval, the method of administration, and other variables.  But the 

Board focused only on doses at the lowest end of what the prior art disclosed.  It 

then pushed beyond the boundaries of anything discussed in the prior art by 

selecting: (1) an every-other-week dosing interval that would have been expected 

to result in a lower Cmin compared to the weekly doses in the van de Putte 

abstracts; (2) a subcutaneous method of administration that would have been 

expected to diminish bioavailability compared to the intravenous doses in Kempeni 

and Rau 2000; (3) a fixed-dosing paradigm that increased the risk of underdosing; 

and (4) a 24-week treatment interval that went beyond the point at which every 

patient receiving 0.5 mg/kg intravenously in the DE003 trial had been up-dosed.  

The Board improperly relied on hindsight to steer its way through these choices, 

ignoring more promising alternatives and improperly examining the motivation to 

achieve the specific combination that AbbVie made rather than a contemporaneous 

motivation to produce an improved treatment regimen. 
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2. The Board compounded this hindsight-driven approach with other 

legal errors.  First, the Board repeatedly treated uncertainties in the prior art as a 

failure by AbbVie to prove teaching away rather than a failure by Petitioners to 

prove motivation to combine and a reasonable expectation of success.  The most 

glaring example came in the Board’s discussion of up-dosing.  Every patient 

receiving the 0.5 mg/kg every-other-week intravenous dose on which the Board’s 

analysis hinged had been up-dosed or withdrawn from the study by week 12.  The 

Board disregarded this fact based on its speculation—supported nowhere in the 

prior art—that some of the up-dosed patients were achieving a moderate response 

when they were up-dosed.  But it was not AbbVie’s burden to overcome this 

speculation and prove that all patients were up-dosed due to ineffectiveness.  

Rather, it was Petitioners’ burden to overcome the uncertainty in the prior art and 

prove that a skilled artisan would have been guided by the 0.5 mg/kg intravenous 

dose despite the up-dosing. 

The Board continued this improper pattern of burden shifting when it 

disregarded concerns about low Cmin based on a lack of information regarding the 

minimum effective dose and PK/PD of D2E7.  Those unknowns should have 

weighed against finding obviousness.  The Board also improperly shifted the 

burden in analyzing a statement from Rau 2000, which did not apply to the claimed 

dose or, at most, left uncertainty on that point.  Finally, the Board’s burden shifting 
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extended to objective indicia of nonobviousness, where the Board’s finding that it 

was “not clear” whether the claimed dosing regimen drove sales of HUMIRA® was 

insufficient to carry Petitioners’ burden of overcoming the presumption of nexus. 

3. The cumulative effect of all the uncertainties in the prior art 

multiplied their individual impact.  But the Board failed to consider this cumulative 

effect because it failed to consider the claims as an integrated whole.  It devoted 

separate sections of its opinion to the issue of selecting a fixed subcutaneous dose 

and the issue of selecting a dose and dosing interval, without returning to consider 

all the elements as an ordered combination.  Under this siloed analysis, the Board 

never considered how up-dosing, and the uncertainties that came with delivering a 

relatively low dose over a longer interval, would have impacted the selection of a 

fixed dose expected to increase the risk of underdosing some patients.  Similarly, 

the Board’s effort to equate subcutaneous and intravenous administration in the 

abstract never addressed whether a study involving weekly weight-based doses and 

up-dosing would apply where a lower average dose was administered less 

frequently as a fixed dose across an entire patient population. 

The Board’s clearest failure to consider the claims as a whole involved the 

“at least 24 weeks” limitation in claims 3 and 4 of the ’135 patent.  Regardless of 

the reason for up-dosing, the fact that every single patient receiving a 0.5 mg/kg 

intravenous dose had been up-dosed or withdrawn by week 12 left a complete 
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absence of information regarding the performance of that dose beyond 12 weeks.  

The Board never addressed this gaping hole in the prior art in part because it 

viewed the 24-week limitation in isolation rather in combination with all the other 

elements of the claimed invention. 

4. The Board’s discussion in the -409 IPR of the combination of Rau 

1998, Schattenkirchner, and van de Putte 1999 incorporated all its other errors and 

added a new one:  Rather than concluding that Boehringer had proved 

unpatentability, the Board erroneously applied the institution-stage standard and 

concluded only that Petitioner had established “a reasonable likelihood of 

prevailing at trial.” 

5. The Board’s decisions violated Article III and the Seventh 

Amendment because the IPR process authorizes an executive-branch agency, 

rather than an Article III court with a jury, to extinguish a previously issued 

private-property right without the consent of the owner.  Although the panel cannot 

reverse on this ground under Federal Circuit precedent, AbbVie preserves the 

argument in light of the Supreme Court’s impending decision in Oil States Energy 

Services LLC v. Greene’s Energy Group, LLC, No. 16-712 (U.S.). 

STANDARD OF REVIEW 

Whether a tribunal applied the proper legal test is a question of law reviewed 

de novo.  See Alcon Research Ltd. v. Barr Labs., Inc., 745 F.3d 1180, 1190-1192 
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(Fed. Cir. 2014).  “[T]he Board’s ultimate determination of obviousness” is 

reviewed “de novo and its underlying factual determinations” are reviewed “for 

substantial evidence.”  Personal Web Techs., LLC v. Apple, Inc., 848 F.3d 987, 991 

(Fed. Cir. 2017).  On the factual side of the inquiry, the question is “whether a 

reasonable fact finder could have arrived at the agency’s decision, which requires 

examination of the record as a whole, taking into account evidence that both 

justifies and detracts from an agency’s decision.”  Id. (quotation marks omitted). 

ARGUMENT 

I. THE BOARD’S OBVIOUSNESS DETERMINATIONS WERE BASED ON LEGAL 

ERROR 

A. The Board Relied On Hindsight To Thread Its Way Through The 
Prior Art 

The treatment regimen that AbbVie developed was a leap into the unknown 

that shunned more promising alternatives in favor of pushing the boundaries of 

what was possible.  AbbVie took a relatively low dose of D2E7 and combined it 

with subcutaneous administration, the use of a fixed dose, and a longer interval 

between treatments to produce a groundbreaking method of treatment for RA.  

AbbVie also discovered that this method could be used for long-term treatment of 

24 weeks or more.  Each aspect of that novel combination layered uncertainty on 

top of uncertainty in a manner that would have left a skilled artisan unmotivated to 

pursue the combination at all, let alone with a reasonable expectation of success. 
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The Board nonetheless pieced together the various aspects of AbbVie’s 

patented methods based on a hindsight analysis.  The prior art presented a wide 

range of possible approaches to treating RA with D2E7.  The choices confronting a 

skilled artisan included whether to administer a patient-specific weight-based dose 

or a fixed dose, the size of the dose, the treatment interval, the route of 

administration, and other variables.  Appx5518.  The prior art that the Board relied 

on to guide these decisions consisted of only abstracts and preliminary reports of 

early, on-going investigations from which key safety and efficacy information 

were missing.  Appx5520; Appx5527.  Even improperly restricting the variables to 

the values for four key parameters discussed in those references, there were 96 

different combinations of route of administration, dose, interval, and co-

administration.  Appx5518.  Additional variables, such as other doses or dosing 

frequencies, increased the options significantly.  Appx5518; Appx5552. 

The Board threaded its way through these possibilities in an effort to reach 

the invention that AbbVie had disclosed.  At each step of its analysis, the Board 

focused on doses at the lowest end of what was disclosed, to the exclusion of other 

possibilities.  It looked to the 20 mg weekly subcutaneous dose in the van de Putte 

abstracts and the 0.5 mg/kg every-other-week intravenous dose in Kempeni and 

Rau 2000.  These were not obvious choices comfortably within a range shown to 

be safe and effective, but rather the lower limits tested in the references being 
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combined.  See Merck Sharp & Dohme B.V. v. Warner Chilcott Co., LLC, 2017 

U.S. App. LEXIS 20441, at *8 (Fed. Cir. Oct. 19, 2017) (reversing judgment of 

obviousness where district court selected values at end of ranges disclosed in prior 

art).  Indeed, every single patient receiving the 0.5 mg/kg intravenous dose on 

which the Board relied had been up-dosed due to insufficient treatment or 

withdrawn from the study by 12 weeks.  See supra pp. 11-12. 

The Board then made choices that pushed beyond the boundaries of anything 

the prior art disclosed.  It selected a dosing interval (every-other-week) that would 

have been expected to result in a lower average Cmin than the weekly dosing 

discussed in the van de Putte abstracts.  See supra pp. 16-18; infra pp. 44-46; 

Appx31770-31771; Appx32148; Appx31822-31823.  It selected a method of 

administration (subcutaneous) that would have been expected to slow delivery and 

diminish bioavailability compared to the intravenous doses discussed in Kempeni 

and Rau 2000.  See infra pp. 35, 51; Appx31763-31765; Appx31780-31781; 

Appx31805-31806; see also Appx27.  It selected a dosing paradigm (fixed doses) 

that would have produced more variability and risk of underdosing than the more 

personalized, weight-based dosing in the DE003 trial.  See Appx31773; 

Appx31806; Appx31822-31823; Appx32052.  And it selected a treatment 

interval—“at least 24 weeks” for claims 3 and 4 of the ’135 patent—that went far 

beyond the point at which every patient receiving a 0.5 mg/kg intravenous dose in 
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the DE003 trial had been up-dosed.  See supra pp. 11-12; Appx15; Appx19; 

Appx28088; Appx31655; Appx31821-31822. 

Each choice would have added to a skilled artisan’s uncertainty.  But, having 

the benefit of knowing that AbbVie had succeeded, the Board did not let the 

evidence of up-dosing, the lower anticipated Cmin of the claimed regimen, and 

various pieces of missing information give it pause in reaching its goal. 

Throughout this determined march, the Board ignored the more reliable 

alternatives disclosed in the prior art, including options involving a higher dose, a 

shorter dosing interval, and no reported up-dosing.  The Board did not ask which 

of the many possibilities a skilled artisan would have been motivated to pursue 

with a reasonable expectation of success.  Instead, it asked whether there was “a 

reason to modify the van de Putte dosing regimen to administer a 40 mg dose on a 

biweekly schedule.”  Appx18; Appx157-158.  In other words, the Board examined 

the motivation to achieve the claimed invention, taking into account its eventual 

success, rather than the motivation to produce an improved treatment regimen, 

taking into account all the options available.  This approach of “[d]efining the 

problem in terms of its solution reveals improper hindsight.”  Monarch Knitting 

Mach. Corp. v. Sulzer Morat GmbH, 139 F.3d 877, 881 (Fed. Cir. 1998). 

The Board’s primary justification for focusing exclusively on low doses and 

other changes that would have further reduced the level of treatment was that the 
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claims at issue did not require any particular level of efficacy.  Appx163-164; 

Appx211; Appx31; Appx76; Appx119.  But while it is true that the Board’s 

analysis would not apply to claims requiring a higher level of efficacy, that fact 

does not justify the Board’s narrow focus.  The prospect of achieving mediocrity, 

and doing so with a higher risk of failure, would not have motivated a skilled 

artisan or justified the enormous investments required to conduct the necessary 

clinical research.  See Rembrandt Wireless Techs., LP v. Samsung Elecs. Co., 853 

F.3d 1370, 1379-1380 (Fed. Cir. 2017) (no motivation to replace one computer 

protocol with another protocol that was at best equivalent and perhaps inferior); 

Yamanouchi Pharm. Co. v. Danbury Pharmacal, Inc., 231 F.3d 1339, 1345 (Fed. 

Cir. 2000) (motivation was to find “a compound that had high activity, few side 

effects, and lacked toxicity,” not to find a compound with “baseline” activity).   

This is particularly true given that “RA is a chronic inflammatory disease” 

that causes “irreversible outcomes such as work disability, joint destruction and 

consequent surgery, and premature mortality.”  Appx4945.  Treating physicians 

would not have been motivated to start at a lower, potentially inadequate dose and 

risk faster, permanent progression of RA.  Appx5524.  It was only with knowledge 

of AbbVie’s invention that the Board gravitated toward the low-end disclosures in 

the prior art over the numerous other, less-criticized options. 
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To be sure, the Board did not come out and say that it was relying on 

hindsight.  But it is precisely because hindsight can have such a subtle but 

pernicious impact that this Court should not hesitate to act when hindsight has 

infected a decision.  See Cheese Sys., Inc. v. Tetra Pak Cheese & Powder Sys., 

Inc., 725 F.3d 1341, 1352 (Fed. Cir. 2013) (noting need to “avoid[] … even a hint 

of hindsight”).  Before plunging into the details of the references, this Court should 

take a step back and consider the overall thrust of the Board’s decision.  The sheer 

number of more promising options available (Appx5518; Appx5552), the need to 

go beyond the lower boundaries of what had been disclosed (supra pp. 32-33), the 

up-dosing of every patient who received the lowest dose in the DE003 trial 

(Appx2704; Appx31644-31655; Appx31821-31822), and all the other uncertainties 

that came from combining a low dose with a longer dosing interval involving fixed 

subcutaneous administration (Appx31770-31771; Appx31763-31765; Appx31777; 

Appx31822-31823) show that, instead of following the prior art to the invention, 

the Board was allowing the disclosure of the invention to guide it through the prior 

art.  This was legal error and violated the fundamental principle that “[c]are must 

be taken to avoid hindsight reconstruction by using ‘the patent in suit as a guide 

through the maze of prior art references, combining the right references in the right 

way so as to achieve the result of the claims in suit.’”  Grain Processing Corp. v. 

American Maize-Prods. Co., 840 F.2d 902, 907 (Fed. Cir. 1988). 
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B. The Board Improperly Relieved Petitioners Of Their Burden Of 
Proof By Treating Uncertainties In The Prior Art Exclusively As 
A Failure By AbbVie To Prove Teaching Away 

The Board coupled its hindsight-driven approach with more specific legal 

errors that skewed its analysis.  For example, although the Board correctly recited 

Petitioners’ burden of proof, it failed to hold Petitioners to that burden.  Instead, 

the Board repeatedly treated uncertainties in the prior art as a failure by AbbVie to 

prove teaching away rather than a failure by Petitioners to prove motivation to 

combine and a reasonable expectation of success.  This effective burden shifting 

was legal error.  See In re Magnum Oil Tools Int’l, Ltd., 829 F.3d 1364, 1375 (Fed. 

Cir. 2016) (“In an inter partes review, the burden of persuasion is on the 

petitioner” and “never shifts to the patentee.” (quotation marks omitted)). 

1. The structure of the Board’s decisions set up a pattern of 
improper burden shifting 

The Board set itself up to commit legal error by structuring its analysis as an 

extended discussion of teaching away prefaced by only a brief discussion of 

motivation to combine and reasonable expectation of success.  This structure 

caused the Board to view the most relevant disclosures in the prior art exclusively 

through the lens of whether they “criticize[d], discredit[ed], or would have 

discouraged a person of ordinary skill in the art.”  Appx26; Appx76; Appx114-

115; Appx164; Appx211-212. 
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The Board’s focus on teaching away ignored this Court’s admonition that, 

even where prior art statements fall short of a formal teaching away, they can still 

inform whether a skilled artisan would have been motivated to combine references 

with a reasonable expectation of success.  Rembrandt, 853 F.3d at 1378-1380; 

Apple Inc. v. Samsung Elecs. Co., 839 F.3d 1034, 1052 (Fed. Cir. 2016) (en banc).  

The Board instead slipped into a pattern of treating uncertainty surrounding certain 

prior art statements exclusively as a purported failure to prove teaching away, 

without considering the impact of such uncertainty on motivation and reasonable 

expectation of success.  Appx26-37; Appx71-83; Appx114-126; Appx160-172; 

Appx207-220. 

This treatment of uncertainty was “reverse reasoning.”  Honeywell Int’l Inc. 

v. Mexichem Amanco Holding S.A. DE C.V., 865 F.3d 1348, 1356 (Fed. Cir. 2017).  

“Unpredictability of results equates more with nonobviousness rather than 

obviousness, whereas that which is predictable is more likely to be obvious.”  Id.  

“[R]easoning that one would no more have expected failure than success is not a 

valid ground for holding an invention to have been obvious,” as “the standard is 

not whether the patent owner can persuasively show that one of ordinary skill 

would have expected failure.  Rather, the burden is on the [challenger] to show that 

one of ordinary skill would have had a motivation to combine the references with a 

reasonable expectation of success.”  Id. at 1355-1356.  Here, Petitioners’ failure to 
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dispel the uncertainty in the prior art meant that they failed to carry their burden of 

proving motivation to combine with a reasonable expectation of success. 

2. The Board improperly analyzed the evidence of up-dosing 

The most glaring example of the Board’s backwards approach to uncertainty 

in the prior art came in its discussion of up-dosing.  The Board’s final written 

decisions all rested on the proposition that a skilled artisan would have combined 

the weekly subcutaneous administration of the fixed 40 mg dose disclosed in the 

van de Putte abstracts with the every-other-week, intravenous administration of an 

allegedly equivalent weight-based dose of 0.5 mg/kg disclosed in Kempeni or Rau 

2000.  Appx18; Appx63; Appx107; Appx165; Appx212-213.  The reports of up-

dosing with an every-other-week 0.5 mg/kg dose belie this theory. 

Kempeni reported that “patients who did not respond well after 0.5 or 1 

mg/kg received higher doses of up to a maximum of 3 mg/kg.”  Appx2704.  It 

contrasted this result with patients at higher doses, who did not need to be up-

dosed.  Appx2704.  Rau 1998 similarly reported that “dose escalation was offered 

to patients treated with 0.5 and 1 mg D2E7/kg body weight.”  Appx36293. 

Rau 2000 showed that none of the 24 patients receiving 0.5 mg/kg continued 

that treatment beyond 12 weeks.  Graphs reporting results from the DE003 trial 

showed no result trend line for the 0.5 mg/kg dose beyond week 12, whereas 

results for the other doses continue past this period.  Appx33396-33397.  These 

Case: 17-2304      Document: 36     Page: 47     Filed: 12/13/2017



 

39 

graphs reflect that all patients dosed at 0.5 mg/kg were either up-dosed or 

withdrawn from the study by week 12, as illustrated in the annotations below: 
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Appx31655; see also Appx31654; Appx31821-31822.  Boehringer’s clinical expert 

conceded that the 0.5 mg/kg “dose was dropped” because termination of the lines 

“indicates there’s no longer a dosing group at [0.5 mg/kg] in week 12.”  

Appx31323-31324; see also Appx31323-31326 (admitting, among other things, 

that the graphs “indicate[] that nobody received the .5 mg/kg dose after week 12”). 

This change in dosing would have, at best, left a skilled artisan with serious 

doubts that a 0.5 mg/kg every-other-week dose was a reliable guide to developing 

a new treatment regimen for RA.  Appx31627; Appx31639-31640; Appx31653-

31657; Appx31661-31662.  In fact, “there can be little better evidence negating an 

expectation of success than actual reports of failure.”  Boehringer Ingelheim 

Vetmedica, Inc. v. Schering-Plough Corp., 320 F.3d 1339, 1354 (Fed. Cir. 2003). 

The Board, however, entirely discounted the evidence of up-dosing based on 

residual uncertainty regarding the reason for up-dosing some patients.  Relying on 

Kempeni, the Board concluded that up-dosing was provided to patients whose 

response was not rated as “good.”  Appx167.  The Board thus speculated that 

“patients who achieved a moderate response may have been up-dosed, which 

would not mean that the lower dose was ineffective.”  Appx167 (emphasis added).  

It also flipped the inquiry by stating that “Patent Owner’s assertion that all patients 

receiving a 0.5 mg/kg dose in Rau 2000 were up-dosed because such a dose was 
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ineffective is not supported by any affirmative statement in Rau 2000 to that 

effect.”  Appx167 (second emphasis added).   

This treatment of the striking fact that every single patient receiving 0.5 

mg/kg was up-dosed or withdrawn exemplifies the Board’s legally flawed 

approach.  The Board had no idea how many, if any, up-dosed patients were 

exhibiting a moderate response at the time they were up-dosed or withdrawn.  

Appx31656; Appx29440-29444; see also Appx2949 (FDA guidance for 

developing RA drugs noting that “[f]requently, dropouts occur for reasons related 

to” “adverse effects or lack of efficacy”).  Rau notably omitted 0.5 mg/kg when it 

said that there was “an impressive statistically significant and long-lasting 

reduction of disease activity (moderate DAS response in 80%, decrease in the 

number of swollen and tender joints and the ESR > 50%) with all doses > 1 (3) 

mg/kg.”  Appx28085 (emphases added).  Moreover, the absence of a statement that 

all patients were up-dosed due to ineffectiveness did not remove the uncertainty 

engendered by the fact that all patients receiving 0.5 mg/kg were in fact up-dosed 

or withdrawn from the study. 

The Board never looked past its conclusion that there was no definitive 

teaching away to consider the effect that the same uncertainty would have had on a 

skilled artisan’s motivation to combine and reasonable expectation of success.  For 

researchers considering a fixed dose to treat a large population of patients suffering 

Case: 17-2304      Document: 36     Page: 50     Filed: 12/13/2017



 

42 

from a chronic disease that requires long-term treatment, arguments that some of 

those patients may have been up-dosed for exhibiting a moderate response less 

favorable than the response with higher doses would have provided little comfort.  

And the notion that, merely because there was some uncertainty as to the precise 

reason for the up-dosing, such an artisan would have plunged ahead and reasonably 

expected success exemplifies the type of “reverse reasoning” this Court 

condemned in Honeywell. 

The Board only compounded the error in the Boehringer IPRs when it 

argued that Weisman’s testing of a 0.5 mg/kg biweekly intravenous dose showed 

that the up-dosing in the DE003 trial did not deter further experimentation.  

Appx166; Appx214.  As an initial matter, it was error for the Board to reach 

beyond the grounds on which it instituted review to rely so prominently on 

Weisman, a reference unaddressed at the petition stage.  See EmeraChem 

Holdings, LLC v. Volkswagen Grp. of Am., Inc., 859 F.3d 1341, 1348-1351 (Fed. 

Cir. 2017).5  In any event, that reliance was misplaced.  The Board failed to 

                                           
5 The Board did not rely on Weisman in the Coherus IPRs.  But that does not mean 
those proceedings were free from surprise.  The institution decisions in the 
Coherus IPRs relied on a half-life theory and specifically noted that Petitioner’s 
argument was “not based primarily on transforming a 0.5 mg/kg intravenous 
biweekly dose into a 40 mg subcutaneous biweekly dose.”  Appx43134; 
Appx43683-43684; Appx44224-44225.  The Board’s final written decisions, 
however, rejected Coherus’s half-life theory on which review had been instituted 
and instead adopted the theory that the Board had pointedly avoided adopting in its 
institution decisions.  See supra pp. 21-24. 
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acknowledge that approximately half of the patents receiving the 0.5 mg/kg dose 

with methotrexate were up-dosed or withdrawn from the study in Weisman, which 

only reinforced concerns about the 0.5 mg/kg dose.  See Appx28107 (“Treatment 

group change or dropout status was determined by clinical response.”); see also 

Appx29678-29679; Appx30328; Appx30359-30360.  Furthermore, Weisman co-

administered D2E7 with methotrexate, an independent treatment for RA.  

Weisman thus does not speak to AbbVie’s monotherapy claim.  See Appx266.6 

The Board also missed the mark when it relied on Kempeni’s statement that 

“long term intravenous treatment with D2E7 in the dose range from 0.5 to 10 

mg/kg was well tolerated.”  Appx167; Appx2704.  The Board overlooked that 

“well tolerated” says nothing about efficacy.  See Appx2726; Appx6577.  

Moreover, Kempeni’s statement has to be read in conjunction with Rau 2000’s 

emphasis that every-other-week doses greater than 1 mg/kg—but notably not 0.5 

mg/kg—resulted in “statistically significant and long-lasting reduction of disease 

activity.”  Appx28085.  The Board treated the uncertainty created by these 

                                           
6 In addition, the Board’s premise for relying on Weisman was misguided.  The 
Board reasoned that Rau 2000 would not have steered a skilled artisan away from a 
0.5 mg/kg dose because Weisman had been undeterred from testing relatively low 
doses in combination with methotrexate.  Appx166; Appx214.  But Weisman 
published six-month results only three months after Rau 2000.  Compare 
Appx28103 with Appx28082.  The Board never explained how a study already in 
progress at the time Rau 2000 was published could have said anything about how a 
person of ordinary skill would have reacted to Rau 2000. 
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conflicting signals as a failure to prove teaching away, when in reality that same 

uncertainty would have also left a skilled artisan unsure about relying on the every-

other-week 0.5 mg/kg dose to inform the design of a new treatment regimen. 

The Board, in other words, failed to appreciate that, even if a reference does 

not affirmatively teach away by actively discrediting a particular path, it can still 

create doubt, which the party challenging a patent has the burden of overcoming.  

As it happens, the evidence of up-dosing did powerfully teach away.  But to the 

extent uncertainty about the precise reasons for up-dosing prevented such a 

conclusion, it was legal error for the Board to count that uncertainty against 

AbbVie rather than the parties with the burden of proof. 

3. The Board improperly shifted the burden on other issues 

The Board’s burden shifting on up-dosing was not an isolated incident.  As 

discussed in the examples below, the Board repeatedly and improperly counted 

uncertainty against AbbVie, rather than holding Petitioners to their burden. 

 First, the Board shifted the burden when it dismissed concerns about low 

Cmin.  Basic pharmacokinetic principles predicted that the claimed combination 

would yield a lower average Cmin at steady state than any regimen discussed in the 

prior art on which the Board instituted.  See supra pp. 16-18; Appx31159.  This 

would have raised efficacy and safety concerns.  Coherus’s PK expert admitted 

that “many in the industry believed” that Cmin was “the best parameter” for 
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determining the threshold efficacy of a dosing regimen.  Appx2739.  Boehringer’s 

PK expert similarly wrote an article explaining that “trough concentration (Cmin) 

was regarded as the most important factor in dose determination because 

maintaining a prolonged efficacious exposure at the site of action is critical for 

anti-rheumatic drugs.”  Appx30895.  And Coherus’s PK expert further conceded 

that, “to avoid underdosing,” a skilled artisan with sufficient PK data would have 

wanted to design a dosing regimen in which the “Cmin would be at or above the 

Cmin of other regimens shown to be safe and effective.”  Appx6123 (emphasis 

added).7 

The Board’s stated reasons for disregarding these concerns about low Cmin 

improperly shifted the burden of overcoming uncertainty onto AbbVie.  The Board 

said that the prediction of low Cmin was “not entitled to much weight because the 

minimum effective dose of D2E7 ‘was undefined in June 2001.’”  Appx33; 

Appx170.  But the absence of that information was precisely the point.  The prior 

art disclosed several higher doses that showed promise without reported safety 

concerns.  A skilled artisan searching for a less frequent subcutaneous dosing 

regimen would have been drawn to those options and reluctant to push beyond the 

                                           
7 See also Appx31294-31295; Appx31480-31481 (Boehringer’s clinical expert 
acknowledging Cmin is considered in developing dosage regimens); Appx5605-
5606; Appx4939-4941; Appx7645-7647; Appx7629; Appx6914; Appx31780-
31781; Appx7580. 
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lower boundary of what had been tried—lest the researcher cross that “undefined” 

lower threshold. 

The Board similarly missed the mark when it dismissed Cmin concerns on the 

ground that “the publicly available PK information in June 2001 would not have 

permitted a PK/PD correlation for modeling purposes.”  Appx33.  This Court has 

recognized that “lack of a known PK/PD relationship” is an important signal of the 

nonobviousness of drug claims with “limitation[s] requiring therapeutic 

effectiveness.”  In re Cyclobenzaprine Hydrochloride Extended-Release Capsule 

Patent Litig., 676 F.3d 1063, 1069-1070 (Fed. Cir. 2012).  In Cyclobenzaprine, the 

district court found that claims directed to a modified-release dosage form and 

methods of treatment using that formulation were obvious in light of immediate-

release formulations.  Id. at 1069.  This Court reversed, holding that without a 

known PK/PD relationship, “skilled artisans could not predict whether any 

particular PK profile, including a bioequivalent one, would produce a 

therapeutically effective formulation.”  Id. at 1070.  The uncertainty regarding 

fundamental aspects of D2E7’s PK/PD relationship likewise should have counted 

against Petitioners, not AbbVie.8 

                                           
8  The Board only enhanced the problem when it tried to draw a sharp 
distinction between “clinical” and “theoretical model” approaches “to designing a 
dosing regimen.”  Appx33.  The Board’s lead reason for favoring the former over 
the latter was that “Patent Owner developed the D2E7 dosing regimen through 
clinical trials.”  Appx33.  But reliance on the inventor’s own path to justify a 
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Second, the Board improperly shifted the burden when it placed heavy 

weight on the penultimate sentence in Rau 2000, which stated that “D2E7, with a 

half-life of 12 days, can be administered every two weeks as an intravenous 

injection over 3-5 minutes or subcutaneously.”  Appx159; Appx165; see also 

Appx25; Appx71; Appx114; Appx213.  That statement had an obvious omission:  

It did not specify any dose.  Appx31652-31653.  But the Board treated this 

omission as an invitation to apply the statement broadly on the ground that it did 

not “exclude any dosage level.”  Appx165.   

Counting that silence against AbbVie was improper.  Statements in the prior 

art must be “read in context.”  Shire LLC v. Amneal Pharms., LLC, 802 F.3d 1301, 

1308 (Fed. Cir. 2015); see also Sud-Chemie, Inc. v. Multisorb Techs., Inc., 554 

F.3d 1001, 1005-1006 (Fed. Cir. 2009).  Given Rau 2000’s reports of up-dosing 

and praise only for long-term treatment with doses higher than 0.5 mg/kg, a skilled 

artisan would not have understood Rau 2000 to be recommending every-other-

week treatment at the low dose used in AbbVie’s claimed inventions.  Appx31652-

31653.  That is particularly true because the only possible subcutaneous, every-

                                                                                                                                        
finding of obviousness is clearly prohibited.  E.g., Otsuka Pharm. Co. v. Sandoz, 
Inc., 678 F.3d 1280, 1296 (Fed. Cir. 2012) (“The inventor’s own path itself never 
leads to a conclusion of obviousness; that is hindsight.”); Life Techs., Inc. v. 
Clontech Labs., Inc., 224 F.3d 1320, 1325 (Fed. Cir. 2000) (“[T]he path that leads 
an inventor to the invention is expressly made irrelevant to patentability by 
statute.”); 35 U.S.C. § 103(a) (2011) (“Patentability shall not be negatived by the 
manner in which the invention was made.”). 
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other-week dose Rau 2000 could have been referring to is the 1 mg/kg dose in the 

DE010 study (a study which Rau 2000 mentions only in passing in a single 

instance).  See Appx28089.  Therefore, the burden should have remained on 

Petitioners to prove that Rau 2000’s statement applied to such a low dose as the 

one AbbVie claimed, not on AbbVie to show that such a dose was excluded. 

Third, the Board’s pattern of improper burden shifting extended to its 

analysis of objective indicia of nonobviousness.  HUMIRA® is the most successful 

pharmaceutical product in the world.  Appx5572.  It embodies the claimed features 

of the challenged patents, which cover the treatment regimen for which HUMIRA® 

was first approved.  Appx5573.  AbbVie was therefore entitled to a presumption of 

a nexus between the commercial success of HUMIRA® and the patented invention.  

See Appx5573-5593; Appx39 (Board determining only whether “any presumption 

of nexus has been rebutted”); Appx85; Appx128; Appx174; Appx222. 

The Board, however, failed to hold Petitioners to its “burden of disproving” 

the nexus.  Ecolochem, Inc. v. Southern Cal. Edison Co., 227 F.3d 1361, 1378 

(Fed. Cir. 2000).  Instead, the Board found that the Petitioners had rebutted the 

presumption merely by injecting uncertainty, stating that, “[o]n this record, it is not 

clear whether the sales of HUMIRA® are due to the dosing regimen recited in the 

’135 patent.”  Appx41 (emphasis added); see also Appx86; Appx129-130; 

Appx175; Appx223.  To the extent there was uncertainty, it should have counted 
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against Petitioners, not AbbVie, because uncertainty meant that Petitioners had not 

carried their burden of proving that AbbVie’s commercial success was attributable 

to factors other than the claimed combination of biological agent, method of 

administration, dose, and dosing interval. 

Moreover, the Board’s cursory reliance on “blocking patent” cases was 

misplaced.  After the Board’s decision, this Court explained that “developers of 

new compounds often obtain a package of patents protecting the product, including 

compound, formulation, use, and process patents” that “may result from continuing 

improvements in a product or process.”  Merck Sharp & Dohme Corp. v. Hospira, 

Inc., 874 F.3d 724, 731 (Fed. Cir. 2017).  These “multiple patents do not 

necessarily detract from evidence of commercial success of a product or process, 

which speaks to the merits of the invention, not to how many patents are owned by 

a patentee.”  Id.  Commercial success may therefore “be relevant to an inference of 

nonobviousness, even given the existence of other relevant patents.”  Id. 

Here, the “merits of the invention” are clear.  AbbVie did not have a 

commercial product until the right method of administration, dose, and dosing 

interval for D2E7 were brought together in an integrated treatment for RA.  

Moreover, AbbVie’s main patent on D2E7 did not even issue until July 18, 2000 

(Appx2780), meaning that there was no blocking patent in place at the time of the 

prior art references on which the Board relied.  Had AbbVie’s invention been as 
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obvious as the Board now claims with the benefit of hindsight, there was ample 

incentive to try to get there before the named inventors. 

C. The Board Failed To View The Claims As An Integrated Whole 

1. The Board ignored the cumulative effect of the 
uncertainties in the prior art 

The cumulative effect of the uncertainties faced by a skilled artisan 

multiplied the individual impact of those uncertainties.  The Board was combining 

references that differed not just in one parameter, but across many parameters:  

dose amount; weekly vs. every-other-week dosing; subcutaneous vs. intravenous 

administration; fixed doses vs. patient-specific weight-based doses; and the length 

of treatment.  The Board’s reductive approach, however, largely addressed each 

difference in isolation, causing the Board to ignore their cumulative impact.  This 

violated the fundamental precept that “[t]he determination of obviousness is made 

with respect to the subject matter as a whole, not separate pieces of the claim.”  

Sanofi-Synthelabo v. Apotex, Inc., 550 F.3d 1075, 1086 (Fed. Cir. 2008). 

The Board devoted a section of its decisions to the benefits of selecting “a 

subcutaneous fixed dose” in the abstract.  Appx17 (emphasis added).  It then 

separately asked whether a skilled artisan would have transformed the 40 mg 

weekly dose in the van de Putte abstracts into an every-other-week dose.  Appx18-

37.  But the Board never put all the elements together.  For example, despite the 

evidence of up-dosing and questions regarding the safety and efficacy of 
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administering a relatively low dose over a longer interval, the Board never returned 

to the question of fixed dosing to ask whether a skilled artisan still would have 

been motivated and reasonably expected success from using that regimen across a 

broad population, where some patients on a subcutaneous fixed dose of 40 mg 

would be expected to receive less than the intravenous weight-based dose of 0.5 

mg/kg that had already proved problematic. 

Similarly, the Board’s analysis of the alleged equivalence between 

subcutaneous and intravenous administration never considered that choice in 

connection with the dose, dosing interval, and use of a fixed dose.  Instead, despite 

acknowledging that “a drug administered subcutaneously can be less bioavailable 

than a drug administered intravenously,” the Board relied in the Coherus IPRs on 

prior art involving weekly weight-based doses of 0.5 mg/kg with up-dosing of some 

patients to 1 mg/kg to assume as a general matter that subcutaneous and 

intravenous administration would produce comparable plasma levels of D2E7.  See 

Appx27-28; Appx2704-2705.  But that begged the question whether this 

assumption remained true at a lower average dose administered less frequently as a 

fixed dose in which some patients would receive proportionately less drug.  See, 

e.g., Appx31805-31806; Appx31822-31823.9 

                                           
9 AbbVie’s expert testified that a “subcutaneous 40-milligram dose would be less 
than a 40-milligram intravenous dose in terms of exposure in the body.”  
Appx29646.  And the statements of AbbVie’s counsel regarding the “best case” 
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As these errors demonstrate, the Board’s “[f]ocus[] on the obviousness of 

substitutions and differences, instead of on the invention as a whole, [was] a 

legally improper way to simplify the often difficult determination of obviousness.”  

Gillette Co. v. S.C. Johnson & Son, Inc., 919 F.2d 720, 724 (Fed. Cir. 1990).   

2. The Board failed to meaningfully address the “at least 24 
weeks” limitation 

The Board’s clearest failure to consider the claims as a whole involved the 

“at least 24 weeks” limitation in claims 3 and 4 of the ’135 patent.  In the -172 and 

-409 IPRs, the Board began its obviousness combination with van de Putte 1999, 

which the Board conceded did not disclose “administering the antibody for a 

period of at least 24 weeks.”  Appx15.  The Board therefore relied on Kempeni for 

“the dosing period of at least 24 weeks.”  Appx15.  The problem with this 

approach was that, at the 0.5 mg/kg dose the Board was relying on, every single 

patient in the DE003 trial had been up-dosed by the end of 12 weeks.  See supra 

pp. 11-12.  Thus, regardless of the reason for up-dosing, there was a complete 

absence of information regarding the performance of the relevant dose beyond 12 

weeks. 

                                                                                                                                        
equivalence between 40 mg and 0.5 mg/kg for an 80 kg patient made clear that, in 
reality, “the bioavailability is going to be lower and, therefore, the amount of drug 
that actually gets in by subcutaneous administration is not as high as it would have 
been by IV.”  Appx43456; see also Appx45174. 
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This absence was not filled by Kempeni’s statement that “long term 

intravenous treatment with D2E7 in the dose range from 0.5 to 10 mg/kg was well 

tolerated” because “86% of patients continued to receive treatment” after six 

months.  Appx2704.  A skilled artisan would have known from Kempeni’s 

discussion of up-dosing and Rau 2000 that no patient had continued receiving 0.5 

mg/kg beyond 12 weeks.  See supra pp. 11-12. 

The disclosure of six-month results in van de Putte 2000, which was part of 

the instituted ground in the -408 IPR, likewise failed to fill the gap.  van de Putte 

2000 disclosed results only for weekly subcutaneous injections and therefore left 

the same hole in the reported data regarding every-other-week doses of less than 1 

mg/kg.  The Board, however, never analyzed the claims as an integrated whole.  It 

therefore never grappled with the absence of evidence indicating that the claimed 

combination—as opposed to more frequent doses or higher doses—could be used 

to treat RA for 24 weeks or more. 

D. In The Alternative, The Board’s Decisions Were Not Supported 
By Substantial Evidence 

The Board’s legal errors should be reviewed de novo.  But even viewing the 

Board’s decisions through the lens of substantial evidence review, reversal is still 

warranted.  The arguments above regarding the Board’s use of hindsight, the 

unknowns in the prior art, and the layering of uncertainty on top of uncertainty all 

illustrate that, “taking into account evidence that both justifies and detracts from an 
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agency’s decision,” a “reasonable fact finder” could not “have arrived at the 

agency’s decision” regarding motivation and a reasonable expectation of success.  

Personal Web Techs., 848 F.3d at 991. 

II. THE BOARD APPLIED THE WRONG STANDARD IN EVALUATING THE RAU, 
SCHATTENKIRCHNER, AND VAN DE PUTTE COMBINATION 

The Board’s consideration of the alternative combination of Rau 1998, 

Schattenkirchner, and van de Putte 1999 in IPR2016-00409 cross-referenced the 

Board’s discussion of Kempeni and van de Putte 1999, and thereby incorporated 

all the errors discussed above.  Appx228.  In addition, the Board committed a basic 

procedural error: Rather than concluding that Boehringer had proved 

unpatentability, the Board applied the institution-stage standard and concluded 

only that “Petitioner establishes a reasonable likelihood of prevailing at trial.”  

Appx228.  This application of the wrong legal standard precludes affirmance on 

this ground. 

III. THE BOARD’S FINAL DECISIONS SHOULD BE REVERSED AS 

UNCONSTITUTIONAL 

Each of the Board’s decisions should be reversed as unconstitutional under 

Article III of the Constitution and the Seventh Amendment because the inter partes 

review process authorizes an executive branch agency, rather than an Article III 

court with a jury, to extinguish the private property right in a previously issued 

patent without the consent of the patent owner.  Although this argument is 
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currently foreclosed by circuit precedent, see MCM Portfolio LLC v. Hewlett-

Packard Co., 812 F.3d 1284 (Fed. Cir. 2015), AbbVie preserves this argument in 

light of the Supreme Court’s impending decision in Oil States Energy Services 

LLC v. Greene’s Energy Group, LLC, No. 16-712 (U.S). 

CONCLUSION 

The Board’s decisions should be reversed or, at the very least, vacated and 

remanded for further proceedings. 
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FINAL WRITTEN DECISION 

Determining Claims 1–5 Unpatentable 
35 U.S.C. § 318(a); 37 C.F.R. § 42.73 
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I. INTRODUCTION 

This is a Final Written Decision in an inter partes review challenging 

the patentability of claims 1–5 (collectively, “the challenged claims”) of 

U.S. Patent No. 8,889,135 B2 (Ex. 1001, “the ’135 patent”).  We have 

jurisdiction under 35 U.S.C. § 6.  For the reasons that follow, we determine 

that Petitioner demonstrates, by a preponderance of evidence, that claims 1–

5 are unpatentable.     

 Procedural History 
Coherus BioSciences Inc. (“Petitioner”) filed a Petition (Paper 2, 

“Pet.”) requesting an inter partes review pursuant to 35 U.S.C. § 311.  On 

May 17, 2016, we instituted trial to determine whether claims 1–5 of the 

’135 patent are unpatentable under 35 U.S.C. § 103 as obvious over the 

combination of Kempeni1 and van de Putte.2  Paper 9 (“Institution Decision 

or “Inst. Dec.”).     

AbbVie Biotechnology Ltd. (“Patent Owner”) filed a Response (Paper 

37, “Resp.”), and Petitioner filed a Reply (Paper 47, “Reply”).  Petitioner 

supports its Petition with the Declarations of Dr. Sharon Baughman 

(Ex. 1006), Dr. James O’Dell (Ex. 1007), and Dr. Brian Reisetter 

(Ex. 1025).  Patent Owner relies on the Declarations of Dr. Allan Gibofsky 

(Ex. 2065), Dr. Brian Harvey (Ex. 2066), Dr. Jerry A. Hausman (Ex. 2067), 

Dr. Jeffrey M. Sailstad (Ex. 2068), and Dr. Alexander A. Vinks (Ex. 2069). 

                                           
1 Joachim Kempeni, Preliminary results of early clinical trials with the fully 
human anti-TNFα monoclonal antibody D2E7, ANN. RHEUM. DIS., 
58:(Suppl. I) 170–72 (1999) (Ex. 1003). 
2 Leo van de Putte et al., Efficacy of the Fully Human Anti-TNF Antibody 
D2E7 in Rheumatoid Arthritis, ARTHRITIS & RHEUM. 42(S9):S400 (1999) 
(Ex. 1004). 

Appx2
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Oral argument was heard on February 16, 2017, and a transcript of the 

argument has been entered into the record (Paper 59, “Tr.”). 

 Related Proceedings 
The parties do not inform us of any related litigation, but identify the 

following U.S. patent applications and U.S. patents that claim priority to the 

application that issued as the ’135 patent:  Application No. 14/634,478; 

Application No. 14/634,530; Application No. 14/715,310; Application No.  

14/175,993; U.S. Patent No. 8,911,737; U.S. Patent No. 8,974,790; 

U.S. Patent No. 8,992,926; U.S. Patent No. 9,017,680 (“the ’680 patent”); 

U.S. Patent No. 9,073,987 (“the ’987 patent”); and U.S. Patent No. 

9,546,212.  Pet. 2; Paper 7, 1–2; Paper 58, 2.  Petitioner also filed petitions 

seeking inter partes review of the ’680 and ’987 patents, IPR2016-00188 

and IPR2016-00189, respectively.  Paper 7, 2.  Patent Owner further 

identifies two additional petitions, filed by a different petitioner, seeking 

inter partes review of the ’135 patent, IPR2016-00408 and IPR2016-00409.  

Id.   

 The ’135 Patent 
The ’135 patent, titled “Methods of Administering Anti-TNFα 

Antibodies,” issued on November 18, 2014.  The ’135 patent discloses 

methods of treating rheumatoid arthritis (“RA”) with a human anti-tumor 

necrosis factor α (“TNFα”) antibody.  Ex. 1001, Abstract, 3:4–7.  RA is an 

autoimmune disease with a pathophysiology that is linked to tumor necrosis 

factor.  Ex. 1001, 25:33–37.  Specifically, TNFα has been implicated in 

activating tissue inflammation and causing joint destruction in RA.  Id. at 

1:12–15, 25:33–37.  The methods of the claimed invention involve 

administering an anti-TNFα antibody having the six complementarity 

Appx3
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determining regions (“CDRs”) and heavy chain constant region of D2E7, a 

known recombinant human anti-TNFα antibody.  Id. at 3:28–38, 4:36–55, 

9:53–67, 12:14–18.  The methods further include administering a total body 

dose of 40 mg of the anti-TNFα antibody subcutaneously every 13–15 days, 

i.e., biweekly, for a period of time sufficient to treat RA.  Id. at 3:39–45, 

23:18–21, 24:25–29.     

 Illustrative Claim 
Claims 1 and 5 are independent claims of the ’135 patent.  Claim 1 is 

illustrative of the challenged claims and recites:  

1. A method for treating rheumatoid arthritis in a human 
subject, comprising administering subcutaneously to a human 
subject having rheumatoid arthritis a total body dose of 40 mg 
of a human anti-TNFα antibody once every 13–15 days for a 
time period sufficient to treat the rheumatoid arthritis, wherein 
the anti-TNFα antibody comprises an IgG1 heavy chain 
constant region; a variable light (“VL”) chain region comprising 
a CDRl having the amino acid sequence of SEQ ID NO:7, a 
CDR2 having the amino acid sequence of SEQ ID NO:5, and a 
CDR3 having the amino acid sequence of SEQ ID NO:3; and a 
variable heavy (“VH”) chain region comprising a CDRl having 
the amino acid sequence of SEQ ID NO:8, a CDR2 having the 
amino acid sequence of SEQ ID NO:6 and a CDR3 having the 
amino acid sequence of SEQ ID NO:4. 

Ex. 1001, 45:11–25.  Claims 2–4 depend ultimately from claim 1.  Claim 2 

specifies that “the VL chain region of the anti-TNFα antibody has the amino 

acid sequence of SEQ ID NO:1 and the VH chain region of the anti-TNFα 

antibody has the amino acid sequence of SEQ ID NO:2.”  Id. at 45:26–29.  

Claim 3 specifies that the anti-TNFα antibody in the method of claim 2 “is 

administered for a period of at least 24 weeks,” and claim 4 specifies that the 

anti-TNFα antibody in the method of claim 1 “is administered for a period of 

at least 24 weeks.”  Id. at 45:30–31, 46:11–12.  Independent claim 5 recites a 

Appx4
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method that is similar to the method of claim 1, except that it recites 

“consisting of” instead of “comprising” and further recites that the antibody 

is “administered in the form of a pharmaceutically acceptable composition.”  

Id. at 46:13–30.   

 
II. DISCUSSION 

Petitioner bears the burden of proving unpatentability of the 

challenged claims, and that burden never shifts to Patent Owner.  Dynamic 

Drinkware, LLC v. Nat’l Graphics, Inc., 800 F.3d 1375, 1378 (Fed. Cir. 

2015).  To prevail, Petitioner must establish the facts supporting its 

challenge by a preponderance of the evidence.  35 U.S.C. § 316(e); 

37 C.F.R. § 42.1(d).  Below, we explain why Petitioner has met its burden 

with respect to claims 1–5.   

 Level of Ordinary Skill in the Art 
We begin our analysis by addressing the level of ordinary skill in the 

art as of June 8, 2001—the priority date of the ’135 patent.  Petitioner and 

Dr. Baughman explain that a skilled artisan would possess the skill sets of 

both a physician treating RA patients and a pharmacokineticist with 

experience in monoclonal antibodies.  Pet. 27; Ex. 1006 ¶ 15.  

Dr. Baughman describes the ordinarily skilled physician as an M.D. with at 

least three years of experience treating RA patients, including with one or 

more anti-TNFα biologic agents.  Ex. 1006 ¶ 15; see Pet. 27; Ex. 1007 ¶ 12 

(Dr. O’Dell agreeing with Dr. Baughman’s definition of the skilled 

physician).  Dr. Baughman describes the ordinarily skilled 

pharmacokineticist as having a Ph.D. in pharmacokinetics or a related field, 

and at least three years of experience with the pharmacokinetics and 

pharmacodynamics of biologic agents, either in industry or academia.  

Appx5
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Ex. 1006 ¶ 15; see Pet. 27.  Patent Owner’s experts Dr. Gibofsky and 

Dr. Vinks apply Petitioner’s and Dr. Baughman’s description of the ordinary 

artisan.  Ex. 2065 ¶¶ 53–54; Ex. 2069 ¶¶ 101–103.  We adopt that 

description of the level of ordinary skill in the art, because it is the 

description that both parties have applied in this proceeding and it is 

reflected by the prior art of record.          

 Claim Construction 
In an inter partes review, claim terms in an unexpired patent are 

interpreted according to their broadest reasonable construction in light of the 

specification of the patent in which they appear.  37 C.F.R. § 42.100(b); 

Cuozzo Speed Techs., LLC v. Lee, 136 S. Ct. 2131, 2144–46 (2016).  Under 

that standard, claim terms generally are given their ordinary and customary 

meaning, as would be understood by one of ordinary skill in the art in the 

context of the entire disclosure.  In re Translogic Tech., Inc., 504 F.3d 1249, 

1257 (Fed. Cir. 2007).     

The Petition sets forth three terms for construction:  (1) the preamble 

phrase “A method for treating rheumatoid arthritis,” (2) “every 13–15 days,” 

and (3) “pharmaceutically acceptable composition.”  Pet. 14–17.  In the 

Preliminary Response, Patent Owner set forth an additional term for 

construction:  “for a time period sufficient to treat the rheumatoid arthritis.”  

Prelim. Resp. 17–20.  In the Institution Decision, we determined that, based 

on the then-existing record, the preamble phrase is not limiting.  Inst. Dec. 

7–8.  We also provided a preliminary construction of the phrase “for a time 

period sufficient to treat the rheumatoid arthritis.”  We construed that phrase 

to mean “for a time period sufficient to reduce the signs, symptoms, and/or 

progression of RA.”  Id. at 10.  We further determined that no other claim 

Appx6
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term required construction to resolve the parties’ dispute.  Inst. Dec. 6–7 

(citing Vivid Techs., Inc. v. Am. Sci. & Eng’g, Inc., 200 F.3d 795, 803 (Fed. 

Cir. 1999) (“only those terms need be construed that are in controversy, and 

only to the extent necessary to resolve the controversy”)). 

The parties do not dispute our preliminary determination that the 

preamble phrase “[a] method for treating rheumatoid arthritis” is not 

limiting.  We have reassessed that determination in light of the arguments 

and evidence adduced at trial, and maintain that determination based on the 

full record.   

Patent Owner disputes our construction of the phrase “for a time 

period sufficient to treat the rheumatoid arthritis.”  Resp. 61–63.  

Specifically, Patent Owner argues that “a treating physician who satisfied 

the definition of a [skilled artisan] would have understood [the] phrase to 

require meaningful therapeutic efficacy.”  Id. at 61 (citing Ex. 2065 ¶¶ 20, 

92–93).  As support, Patent Owner points to the Examiner’s statement that 

the claims encompass, “[e.g.,] treating patients such that they achieve an 

ACR20 or a EULAR moderate response.”3  Id. at 62 (quoting Ex. 1002 

(Prosecution History of the ’135 patent), 1541).   

Patent Owner also contends that the specification of the ’135 patent 

provides “[o]utcome measures” and data showing “statistical significance 

versus placebo across each of those measures.”  Id. at 63 (citing Ex. 1001, 

30:25–38, Figs. 1B, 2–4).  Patent Owner, therefore, asserts that we should 

                                           
3 ACR20 is short hand for the American College of Rheumatology 
improvement criteria, and EULAR is short hand for the European League 
Against Rheumatism.  Ex. 1003, 2; Ex. 2114, 6. 
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Case: 17-2304      Document: 36     Page: 73     Filed: 12/13/2017



IPR2016-00172 
Patent 8,889,135 B2 
 

8 
 

construe the phrase to mean “for a time period sufficient to reduce 

significantly the signs and symptoms of rheumatoid arthritis.”  Id. at 62 

(quoting Paper 9, 8).4  We do not agree. 

As we explained in the Institution Decision, claims 1 and 5 do not 

recite any particular level of efficacy.  Rather, they require administering the 

antibody for a time sufficient to treat RA.  Inst. Dec. 9.  Consistent with the 

claims, the specification uses the word “treat” in its customary and ordinary 

way.  For example, the specification describes administering the antibody 

for therapeutic purposes to alleviate the symptoms and/or progression of the 

disorder.  Ex. 1001, 24:25–60.   

The portions of the specification on which Patent Owner relies do not 

persuade us otherwise.  The specification explains that the data in Figures 

1B and 2–4 “indicate that subcutaneous, biweekly D2E7 treatment combined 

with methotrexate was significantly better than placebo in reducing the signs 

and symptoms of RA,” and that all of the doses “were statistically 

significantly more effective than placebo.”  Ex. 1001, 30:25–30.  A 

statement that the treatment is significantly better than placebo, however, 

does not mean that the treatment significantly reduced the signs and 

symptoms of RA, as Patent Owner argues. 

                                           
4 Even if we agreed that the Examiner’s statement limited the claim to 
treating patients such that they achieved an ACR20 or a EULAR moderate 
response, and that claim 1 requires a patient to achieve such a response, this 
proceeding does not turn on that issue of claim construction.  Here, as 
explained below, a preponderance of the evidence establishes that at least 
some of the patients treated with the lower doses of D2E7 achieved an 
ACR20 response.   

Appx8
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Nor is our construction inconsistent with the Examiner’s statement in 

the prosecution history that the claims encompass “e.g., treating patients 

such that they achieve an ACR20 or a EULAR moderate response.”  

Ex. 1002, 1541.  We agree that the claims encompass treating patients to 

achieve an ACR20 or EULAR moderate response, but we conclude that the 

claims are not limited to treatment sufficient to achieve those responses.        

Finally, we note that the “outcome measures” Patent Owner directs us 

to in Figures 1B and 2–4 are not all the same.  Figure 1B depicts ACR20 and 

ACR50 responses, Figure 2 depicts ACR20, ACR50, and ACR70 responses, 

Figures 3A and 3B depict tender joint count and swollen joint count, 

respectively, and Figure 4 depicts results from a health survey form (SF-36) 

indicative of overall health status as reported by patients.  Ex. 1001, 5:44–

67.  Patent Owner’s proposed construction, which requires reducing 

“significantly” the signs and symptoms of RA is not tied to any particular 

“outcome measure” provided in Figures 1B and 2–4.  And, as we found in 

the Institution Decision, Patent Owner’s proposed construction introduces 

ambiguity in the claims.  Inst. Dec. 9.  That is, Patent Owner’s construction 

does not indicate whether reducing “significantly” the signs and symptoms 

of RA means that patients self-report better overall health status on a health 

survey, or that patients must achieve an ACR20 response, or even an ACR70 

response, or a combination of all of the reported outcome measures. 

Accordingly for these reasons, we reaffirm our determination that, 

under the broadest reasonable construction, the phrase “for a time period 

sufficient to treat the rheumatoid arthritis” means “for a time period 

sufficient to reduce the signs, symptoms, and/or progression of RA.”    

Appx9
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 Obviousness of Claims 1–5 over Kempeni and van de Putte 
 Petitioner argues that the combination of Kempeni and van de Putte 

would have rendered obvious the subject matter of claims 1–5.  Pet. 26–43.  

The thrust of Patent Owner’s position is that one of ordinary skill in the art 

would not have been motivated to develop a 40 mg, subcutaneous, every 

other week dosage regimen to treat RA and would not have reasonably 

expected success in achieving treatment of RA with that dosage regimen 

given the collective teachings of the art.  Resp. 21–50.  Based on our review 

of the arguments and evidence of record, we determine that Petitioner 

demonstrates, by a preponderance of the evidence, that the subject matter of 

claims 1–5 would have been obvious over the combination of Kempeni and 

van de Putte, as explained below.      

 Kempeni 
Kempeni teaches that D2E7 is a fully human anti-TNFα monoclonal 

antibody that “may have advantages in minimising antigenicity in humans” 

compared to other biologic TNF antagonists that are not fully human or 

artificially fused human sequences.  Ex. 1003, 1.  Kempeni further describes 

the results of several clinical studies investigating the use of D2E7 to treat 

RA patients.  Id. at 1–3.   

During the clinical trials, efficacy generally was assessed using, inter 

alia, the ACR20 criteria.  Id. at 1–2.  To be classified as a responder 

according to ACR20 criteria, a patient must demonstrate:  (1) greater than or 

equal to 20% improvement in swollen joint count (“SWJC”), (2) greater than 

or equal to 20% improvement in tender joint count (“TJC”), and (3) at least 

20% improvement in three of five other measures, including patient global 

assessment of disease activity, physician global assessment of disease 

Appx10
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activity, patient assessment of pain, an acute phase reactant (e.g., C reactive 

protein (“CRP”)), and a measure of disability.  Id. at 2. 

In the first described study, each patient received a single dose of 

D2E7 (from 0.5 to 10 mg/kg)5 or placebo by intravenous injection.  Id.  

Patients were evaluated for four weeks to determine the pharmacokinetics of 

D2E7, and to evaluate the safety and efficacy of the antibody in terms of 

onset, duration, and magnitude of response.  Id. 

Kempeni describes the results of the study as “encouraging,” noting 

that the “therapeutic effects became evident within 24 hours to one week 

after D2E7 administration and reached the maximum effect after 1–2 weeks, 

with dose response reaching a plateau at 1 mg/kg D2E7.”  Id.  

Pharmacokinetic (“PK”) parameters were calculated for patients from all 

dose groups and the estimated mean terminal half-life of D2E7 was 

determined to be 11.6 to 13.7 days.  Id. 

Patients who continued in the study were given a second blinded dose 

that was identical to the first and, subsequently, given active drug every two 

weeks until a “good” DAS (Disease Activity Score)6 response was achieved.  

Id.  Patients who did not respond well after 0.5 or 1 mg/kg dosing, however, 

received higher doses of up to 3 mg/kg.  Id.  Kempeni discloses that 86% of 

patients continued to receive treatment with D2E7 after six months, 

                                           
5 The 0.5 to 10 mg/kg refers to the amount of D2E7 that patients received 
per kilogram of body weight. 
6 The DAS is a composite score of tender joints, swollen joints, erythrocyte 
sedimentation rate, and a patient’s disease activity assessment as measured 
on a visual analogue scale.  Id. at 2. 
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“indicating that long term intravenous treatment with D2E7 in the dose 

range from 0.5 to 10 mg/kg was well tolerated.”  Id.   

In a second study that evaluated the safety and efficacy of weekly 

subcutaneous 0.5 mg/kg weight-based administration of D2E7, patients were 

given either D2E7 or placebo weekly for a period of three months.  Id. at 2–

3.  The dose was increased to 1 mg/kg subcutaneously weekly for non-

responders or patients losing responder status.  Id. at 3. 

According to the preliminary data, “plasma concentrations of D2E7 

after multiple subcutaneous doses were comparable to those achieved with 

intravenous administration.”  Id.  Further, up to 78% of patients achieved an 

ACR20 response after three months of treatment, leading to the conclusion 

that “D2E7 given subcutaneously was safe and as effective as when 

administered intravenously demonstrating that subcutaneous self 

administration is a promising approach for D2E7 delivery.”  Id. 

In a third clinical study that evaluated the safety of 1 mg/kg single 

subcutaneous or intravenous injections, it was determined that the safety 

profile of single dose D2E7 administration was “comparable to that of 

placebo.”  Id. 

Kempeni teaches that the data from these studies collectively suggest 

D2E7 “is safe and effective as monotherapy . . . when administered by single 

and multiple intravenous and subcutaneous injections.  Additional studies 

are underway to further define optimal use of this novel treatment.”  Id. 

 Van de Putte 
Van de Putte describes the results of a dose-finding phase II study that 

compared three dose levels of D2E7 and placebo over three months in 

patients with long-standing active RA.  Ex. 1004, 1.  In the study, patients 
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received “weekly [fixed] doses of either D2E7 at 20, 40, [or] 80 mg or 

placebo by subcutaneous (s.c.) self injection for 3 months.”  Id.  Van de 

Putte reports the percentage of patients receiving an ACR20 response, as 

well as the median percent improvement in TJC, SWJC, and CRP for each 

of the dosing regimens and placebo.   

The results are set forth in the table reproduced below. 

 
Id.  The table above shows the results of the clinical study described in van 

de Putte.  Based on the results, van de Putte concludes that “[f]or all efficacy 

parameters studied, all doses of D2E7 were statistically significantly 

superior to placebo (p < 0.001)” and that “20, 40, and 80 mg/week were 

nearly equally efficacious when given [subcutaneously] in patients with 

active RA.”  Id.  

 Analysis 
A patent claim is unpatentable under 35 U.S.C. § 103(a) if the 

differences between the subject matter sought to be patented and the prior art 

are such that the subject matter as a whole would have been obvious to a 

person of ordinary skill in the art at the time the invention was made.  KSR 

Int’l Co. v. Teleflex Inc., 550 U.S. 398, 406 (2007).  Obviousness is resolved 

based on underlying factual determinations, including:  (1) the scope and 

content of the prior art; (2) any differences between the claimed subject 

matter and the prior art; (3) the level of ordinary skill in the art; and 
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(4) objective evidence of nonobviousness, i.e., secondary considerations.  

See Graham v. John Deere Co., 383 U.S. 1, 17–18 (1966).  

a. The prior art discloses or suggests each and every element of the 
challenged claims 

Petitioner asserts that the combined teachings of van de Putte and 

Kempeni disclose or suggest each element of the challenged claims.  Pet. 

25–27, 38–41 (claim chart mapping the language of the claims to the 

disclosures of Kempeni and van de Putte).  In particular, Petitioner argues 

that the only differences between the disclosure of van de Putte and the 

challenged claims are that van de Putte describes:  “dosing 40 mg of D2E7 

weekly, rather than every 13-15 days (i.e. biweekly), as recited in the 

claims” and “administering D2E7 over a period of 3 months (12 weeks), 

rather than 24 weeks, as recited in claims 3 and 4.”  Id. at 26.  Petitioner 

asserts that Kempeni accounts for those differences.  Id.  Specifically, 

Petitioner points to Kempeni’s teachings that:  (1) D2E7 has an estimated 

mean terminal half-life of 11.6–13.7 days; (2) D2E7 was administered in 

biweekly intravenous infusions; (3) “plasma concentrations of D2E7 after 

multiple subcutaneous doses were comparable to those achieved with 

intravenous administration”; and (4) D2E7 was administered for 6 months 

(24 weeks) with “[t]reatment lasting several years . . . intended.”  Id.  

Petitioner also directs us to Kempeni’s disclosure of biweekly intravenous 

dosing of 0.5 mg/kg of D2E7, which neither party disputes is roughly 

equivalent to the 40 mg fixed subcutaneous dose (in an 80 kg patient).  Id. at 

27; Tr. 46:6–21 (counsel for Patent Owner explaining that Patent Owner 

does not dispute, as a best case, Petitioner’s contention that the 0.5 mg/kg 

intravenous dose is roughly equivalent to the 40 mg subcutaneous dose); 

Ex. 1055:159:4–160:1.   
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Patent Owner does not challenge Petitioner’s showing that the prior 

art discloses each element of claims 1–5.  See generally Resp.  Based on the 

full trial record, we determine that van de Putte and Kempeni collectively 

disclose each limitation of the challenged claims.  First, we agree with 

Petitioner that van de Putte discloses all of the elements of claims 1, 2, and 

5, except for biweekly dosing, and of the elements of claims 3 and 4, except 

for administering the antibody for a period of at least 24 weeks.  As 

explained above, van de Putte discloses a study in which RA patients 

received weekly doses of 20, 40, or 80 mg of D2E7, or placebo, via 

subcutaneous self-administration over the course of three months.  Ex. 1004, 

1.  The D2E7, therefore, was administered in a pharmaceutically acceptable 

composition.  Further, D2E7 is a known recombinant human anti-TNFα 

antibody having the six CDRs and heavy chain constant region recited in 

claims 1 and 5, and the amino acid sequences for the variable light and 

variable heavy chain regions recited in claim 2.  Ex. 1001, 3:28–38 

(explaining that D2E7 is “described in U.S. Pat. No. 6,090,382, incorporated 

in its entirety herein by reference”); see Ex. 1008, 2:59–67.   

Petitioner also shows, by a preponderance of the evidence, that 

Kempeni accounts for the differences between van de Putte and the recited 

biweekly dosing frequency required by all of the challenged claims, as well 

as the dosing period of at least 24 weeks that is recited in claims 3 and 4.  

Specifically, Kempeni describes a study in which patients received D2E7 via 

intravenous injection every two weeks for at least 6 months (i.e., 24 weeks).  

Ex. 1003, 2.   
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b. Motivation to dose 40 mg every 13–15 days subcutaneously and 
reasonable expectation of success in treating RA   

Even “[i]f all elements of the claims are found in a combination of 

prior art references,” “the factfinder should further consider whether a 

person of ordinary skill in the art would [have been] motivated to combine 

those references, and whether in making that combination, a person of 

ordinary skill would have [had] a reasonable expectation of success.”  Merck 

& Cie v. Gnosis S.p.A., 808 F.3d 829, 833 (Fed. Cir. 2015).  The “motivation 

to combine” and “reasonable expectation of success” factors are subsidiary 

requirements for obviousness subsumed within the Graham factors.  Pfizer, 

Inc. v. Apotex, Inc., 480 F.3d 1348, 1361 (Fed. Cir. 2007). 

Petitioner asserts that a person of ordinary skill would have been led 

from the disclosures of van de Putte and Kempeni to administer 40 mg of 

D2E7 subcutaneously every 13–15 days, as recited in claims 1–5 of the ’135 

patent, and would have expected such a dose to be safe and effective in 

treating RA.  Pet. 2, 31–39 (citing Ex. 1006 ¶¶ 48, 51–53, 56–58, 63–73; 

Ex. 1007 ¶¶ 25–33, 43).  Patent Owner “hotly contest[s]” whether the 

ordinarily skilled artisan would have had a reason to select the claimed 

dosing regimen, and also contests whether one of ordinary skill would have 

expected success in treating RA using that regimen.  See, e.g., Tr. 42:5–6; 

Resp. 22 (alleging no reasonable expectation of success).  We address the 

parties’ arguments and evidence on those issues below. 

(1) Fixed, subcutaneous dosing 
With respect to type of dose and administration, Petitioner asserts that 

van de Putte’s dosing regimen reflects the well-known advantages of 

subcutaneous administration over other forms of administration (e.g., 

Appx16

Case: 17-2304      Document: 36     Page: 82     Filed: 12/13/2017



IPR2016-00172 
Patent 8,889,135 B2 
 

17 
 

intravenous dosing), and fixed dosing over weight-based dosing.  Pet. 31–33 

(citing Ex. 1002, 9; Ex. 1006 ¶¶ 51–53; Ex. 1008, 22:65–23:1).    

Patent Owner does not challenge Petitioner’s showings in this regard, 

see generally Resp., and we agree with Petitioner that the record establishes 

by a preponderance of the evidence that the ordinarily skilled artisan would 

have had a reason to select subcutaneous, fixed dosing and a reasonable 

expectation of success in achieving a subcutaneous fixed dose.  For example, 

Petitioner points to evidence that subcutaneous dosing would have been 

more convenient and less expensive for patients because they can self-

administer the dose in a short amount of time.  Pet. 32; Ex. 1006 ¶ 51; 

Ex. 1022, 9 (stating that “[i]n general, subcutaneous administration is more 

desirable for doctors and patients than intravenous administration” because 

subcutaneous administration “can be accomplished in minutes” and “can be 

performed practically anywhere without catheterization” (i.e., it does not 

require hospital visits like intravenous administration does)).  And 

Dr. Baughman testifies that fixed dosing would have been easier and less 

costly for patients:  fixed dosing “requires no patient action beyond 

injection,” whereas body weight dosing requires the patient to prepare each 

injection before administration.  Ex. 1006 ¶ 52; see also Ex. 1008, 22:65–

23:1 (“[I]t is especially advantageous to formulate parenteral compositions 

in dosage unit form for ease of administration and uniformity of dosage.”).  

Dr. Baughman also points to the fixed dose, subcutaneous administration 

that had been approved for the anti-TNFα antibody ENBREL® in 1998.  

Ex. 1006 ¶ 53.  Finally, we note that patients in the clinical study described 

in van de Putte were receiving subcutaneous fixed doses, and Kempeni 
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explained that “subcutaneous self administration is a promising approach for 

D2E7 delivery.”  Ex. 1003, 3; Ex. 1004, 1; see Ex. 1006 ¶¶ 54–55.   

(2) Biweekly administration of a 40 mg dose  
With respect to dose selection and dosing interval, Petitioner presents 

several arguments why a skilled artisan would have had a reason to modify 

the van de Putte dosing regimen to administer 40 mg doses on a biweekly 

schedule and expect success in treating RA with that regimen.  Those 

arguments fit into two categories based on Kempeni’s disclosures:  the first 

based upon the 11.6 to 13.7 day half-life of D2E7, and the second based 

upon administration of 0.5 mg/kg of D2E7 biweekly.  See Pet. 34–37.  As 

explained below, we are not persuaded by Petitioner’s first argument, but are 

persuaded by the second argument.       

(i) Dose selection and interval based on half-life 
Petitioner asserts that a skilled artisan “would have been motivated to 

modify [the] van de Putte . . . dosing protocol to administer subcutaneous 

doses biweekly, rather than weekly” based upon the 11.6 to 13.7 day half-

life of D2E7 that Kempeni reports.  Pet. 34.  In particular, Petitioner 

contends that, based on the half-life of D2E7, the person of ordinary skill 

would have stretched van de Putte’s 20 mg weekly dosing to 40 mg 

biweekly dosing and would have expected success in treating RA.  Reply 9.  

Petitioner relies primarily on Dr. Baughman’s testimony that 

pharmacokineticists “routinely” use half-life “to develop the appropriate 

dosing frequency.”  Ex. 1006 ¶ 66; Pet. 35.   According to Dr. Baughman, 

the half-life reported in Kempeni would have suggested dosing less 

frequently than once a week because “administration of one subcutaneous 

dose of 40 mg D2E7 [biweekly] would still be enough to treat RA, as [the 
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amount circulating in the blood] would be equal to or greater than that 

reached with the 20 mg weekly dose, which was shown to be efficacious by 

the ACR 20 data in van de Putte.”  Id. ¶ 68.  Dr. Baughman illustrates that 

concept in a table that approximates the amount of D2E7 circulating in the 

blood over a two-week period based on the half-life of D2E7 and the doses 

studied in van de Putte.  Id. ¶ 67.  Dr. Baughman’s half-life table is 

reproduced below. 

   
Dr. Baughman’s table shows calculations of the approximate amount of 

20 mg, 40 mg, and 80 mg from the van de Putte study that she asserts would 

be circulating in the body one week and two weeks after subcutaneous 

injection.  Ex. 1006 ¶ 67.    

Likewise, Petitioner relies on Dr. Baughman’s half-life analysis in 

arguing that that the “logical dosage choice for treating RA with 

subcutaneous biweekly injections of D2E7 would have been 40 mg.”  

Pet. 35.  According to Petitioner, “a central principle of drug development is 

the desirability of administering the lowest effective drug dose.”  Id. at 35–

36 (citing Ex. 1006 ¶ 69 (“The goal is to treat the patient with as little drug 

as possible in order to reduce potential side effects, while at the same time 

attaining a therapeutic response.”)).  In that regard, Petitioner contends, and 

Dr. Baughman testifies, that, based on van de Putte’s clinical data and the 
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roughly reported half-life of D2E7, a person of ordinary skill in the art 

“would have recognized that 40 mg biweekly represented the lowest 

effective dose.”  Id. at 36; Ex. 1006 ¶ 69.  As noted above, Dr. Baughman 

testifies that the amount of D2E7 circulating in the second week after 

administration of one subcutaneous dose of 40 mg D2E7 would still be 

enough to treat RA because it would be equivalent to or greater than the 

amount reached with the 20 mg weekly dose, which van de Putte found to be 

efficacious.  Ex. 1006 ¶ 68.  Similarly, Dr. Baughman testifies that the 

ordinary artisan would have expected success in treating RA with the 40 mg 

biweekly dose because, “at the end of the second week after dosing 40 mg, 

the Cmin
[7] would be greater than or similar to the Cmin at the end of the first 

week after dosing 20 mg.”  Ex. 1006 ¶ 71.      

Patent Owner responds that Petitioner’s and Dr. Baughman’s analysis 

based on half-life is flawed because half-life alone does not provide 

sufficient information to develop a dosing regimen.  Resp. 44–48.  In 

particular, Patent Owner contends that terminal half-life (what Kempeni 

discloses) does not impart information about:  (1) drug concentrations in the 

blood or at the site of action, or how those concentrations correlate to safety 

and efficacy; (2) how long the drug remains in the body; or (3) how long the 

drug lasts at the site of action, all of which would have been important in 

developing a safe and efficacious dosing regimen.  Id. at 44–46.  Patent 

Owner further asserts that the ordinary artisan would have taken factors such 

                                           
7 Cmin is lowest blood level observed between doses.  Ex. 1006 ¶ 62. 
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as Cmin, Cmax, and AUC (area under the curve)8 into account when designing 

a dosing regimen, which Dr. Baughman did not do.  Id. at 44–48 (citing 

Ex. 2069 ¶¶ 107–13, 116–118).  Additionally, Patent Owner notes that 

several FDA-approved monoclonal antibodies in the prior art were dosed 

more or less frequently than their terminal half-lives.  Id. at 47; Ex. 2069 ¶¶ 

112–113.       

One question before us then, is whether a person of ordinary skill in 

the art would have had a reason to modify van de Putte’s 20 mg weekly dose 

to a 40 mg biweekly dose based on the known half-life of D2E7.  As with 

other factual questions, Petitioner bears the burden of proving that the 

skilled artisan would have been motivated to make such a modification.  In 

re Magnum Oil Tools Int’l, 829 F.3d 1364, 1375 (Fed. Cir. 2016) (burden-

shifting “does not apply in the adjudicatory context of an IPR”).   

After reviewing the entire record developed during trial, we find that 

Petitioner does not carry its burden to show that a person of ordinary skill in 

the art would have been so motivated.  As explained above, Petitioner 

asserts in the Petition that the ordinary artisan would have doubled van de 

Putte’s 20 mg dose to 40 mg and weekly dosing interval to biweekly based 

on the single PK parameter of half-life.  In support of that assertion, 

Dr. Baughman testifies that “half-lives are routinely used to develop the 

appropriate dosing frequency.”  Ex. 1006 ¶ 66.  Dr. Baughman’s testimony 

in that regard may be valid, but the record in this case does not include 

sufficient evidence from which we can make that determination.  That is, 

                                           
8 Cmax is the highest blood level observed between doses and AUC is the 
total area under the concentration time curve that reflects the total amount of 
drug observed in the blood.  Ex. 1006 ¶ 62; Ex. 2069 ¶ 35.  
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neither Petitioner nor Dr. Baughman direct us to a drug with a dosing 

interval that corresponds to its half-life, or to other evidence supporting the 

assertion that skilled artisans routinely use half-lives to develop a dosing 

schedule.  Accordingly, Dr. Baughman’s testimony on those issues is 

entitled to little or no weight.  37 C.F.R. § 42.65(a).   

Moreover, we note that Patent Owner identifies several prior art 

therapeutic antibodies that were not dosed according at a frequency equal to 

a single half-life, including:  (1) REMICADE®, which is dosed only once 

every 3–6 half-lives; (2) RITUXAN®, which is dosed once every 2.8 half-

lives; (3) MYLOTARG®, which is dosed once every 5 half-lives; and 

(4) ZENAPAX®, which is dosed once every 0.6 half-lives.  Resp. 47 (citing 

Ex. 1012, 2, 12; Ex. 2007, 1–2; Ex. 2010, 1–2; Ex. 2013 3, 17; Ex. 2072, 

96:22–9:73, 140:24–141:5); Ex. 2069 ¶ 112.  Petitioner does not dispute that 

evidence, but replies that it does not suggest that “half-life has no bearing on 

dosing regimen.”  Reply 10.  We agree.  Petitioner, however, does not point 

to sufficient evidence from which we can conclude that dosing frequency 

would have been selected based on half-life alone, as asserted in the Petition. 

 Petitioner’s arguments in the Reply appear to be a shift from the 

position taken in the Petition.  For example, in the Petition, Petitioner argued 

that that the skilled artisan would have been motivated to develop the 

appropriate dosing regimen for D2E7 based on half-life alone.  Pet. 34 

(contending that, “[b]ased upon the . . . half-life of D2E7 reported in 

Kempeni,” a skilled artisan would have been motivated to modify van de 

Putte’s dosing protocol to administer subcutaneous doses biweekly, rather 

than weekly), 36 (basing dose selection on the half-life data disclosed in 

Kempeni).  In the Reply, Petitioner contends that before June 2001, skilled 
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artisans “routinely relied on half-life as a factor when designing a dosing 

regimen.”  Reply 9 (emphasis added).  Such a shift in position, however, “is 

foreclosed by the statute, [Federal Circuit] precedent, and Board guidelines.”  

Wasica Fin. GmbH v. Cont’l Auto. Sys., Inc., 853 F.3d 1272, 1286–87 (Fed. 

Cir. 2017). 

Moreover, Patent Owner argues persuasively that half-life is not the 

only factor the skilled artisan would have considered in modeling a dosing 

regimen.  See Resp. 44–48; Ex. 2069 ¶¶ 114–117.  Petitioner appears to 

admit as much, explaining in the Reply that Dr. Vinks “agreed that for some 

drugs Cmax and AUC can be important parameters.”  Reply 11.  And Dr. 

Baughman notes that those parameters, as well as Cmin—which Dr. 

Baughman posits “might be the best parameter to indicate threshold of 

efficacy”—would have been important to a skilled artisan in modeling a 

dosing regimen.  Ex. 1006 ¶ 62.  Dr. Baughman discounts those factors 

because they “were not reported as being indicative of safety or efficacy as 

of the June 2001 filing date of the ’135 patent.”  Ex. 1006 ¶ 62.  

Dr. Baughman, however, does not explain adequately why the skilled artisan 

would have disregarded those parameters that she, and others, considered 

important, or why the absence of those factors from the disclosures of 

Kempeni and van de Putte suggests that half-life would have provided 

enough information to model a dosing regimen.  In our view, Dr. Baughman 

takes an overly simplistic approach to modeling a dosing regimen without 

explaining adequately, and with supporting evidence, why the ordinary 
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artisan would have used such an approach.9  Accordingly, we are not 

persuaded Petitioner demonstrates, by a preponderance of the evidence, that 

the person of ordinary skill in the art would have been motivated to choose 

the claimed dosing regimen based on half-life. 

(ii) Dose selection and interval based on Kempeni’s biweekly 
dosing protocol 

Petitioner also argues that the skilled artisan would have been 

motivated to dose 40 mg of D2E7 biweekly and would have expected such a 

dose to be safe and effective based on the clinical study Kempeni describes 

(i.e., the DE003 study) in which patients received intravenous biweekly 

doses of D2E7.  Pet. 27, 35.  In that regard, Petitioner argues that the 

0.5 mg/kg intravenous dose administered in that study is equivalent to a 

40 mg subcutaneous dose.  Pet. 27 (Table).  Petitioner further asserts 

Kempeni discloses that persons of ordinary skill not only tried biweekly 

dosing of D2E7, but also “demonstrated that it was a viable treatment 

protocol.”  Pet. 35 (citing Ex. 1006 ¶ 72).   

Patent Owner responds that Petitioner’s argument is based on a 

misreading of Kempeni and the DE003 study.  Specifically, Patent Owner 

asserts that Kempeni’s “bare bones description of the ‘biweekly’ phase . . . 

fails to disclose” subcutaneous dosing, a 40 mg dose, fixed-weight dosing, 

                                           
9 Patent Owner provides additional criticisms of Dr. Baughman’s half-life 
analysis.  For example, Patent Owner asserts that Dr. Baughman analyzed 
the wrong time interval by focusing on drug levels after a single 
administration instead of looking at the drug levels after multiple doses.  
Resp. 23–24; see id. at 24–26 (setting forth further arguments why Dr. 
Baughman’s half-life analysis is flawed).  We need not address those 
additional criticisms, however, because we already determine that Dr. 
Baughman’s half-life analysis is entitled to little or no weight.  

Appx24

Case: 17-2304      Document: 36     Page: 90     Filed: 12/13/2017



IPR2016-00172 
Patent 8,889,135 B2 
 

25 
 

or a biweekly dosing regimen sustained over a defined period of time.  Resp. 

49.  We do not agree.  Dr. Vinks testifies that a 0.5 mg/kg dose is equivalent 

to a 40 mg fixed dose for an 80 kg (i.e., average) patient.  Ex. 1055, 159:4–

160:1.  And counsel for Patent Owner clarifies that there is no dispute that 

the 0.5 mg/kg intravenous dose is equivalent to the 40 mg subcutaneous 

dose.10  Tr. 46:6–21.  Thus, contrary to Patent Owner’s argument, Kempeni 

expressly discloses a dose that is equivalent to the recited subcutaneous 

40 mg dose.  Kempeni also teaches biweekly administration.  Ex. 1003, 2 

(“D2E7 was administered every two weeks” in the dose range from 0.5 to 10 

mg/kg).  Accordingly, Kempeni explicitly provides a motivation for 

converting van de Putte’s weekly dosing regimen into a biweekly dosing 

regimen.  Kempeni also suggests that the person of ordinary skill would 

have expected success in treating RA with such a dosing regimen.  That is, 

Kempeni concludes that long-term treatment with D2E7 in the dose range 

from 0.5 to 10 mg/kg “was well tolerated.”  Id.  Additional record evidence 

confirms that reasonable expectation of success.  Ex. 2114, 8 (D2E7 “can be 

administered every two weeks as an intravenous injection . . . or 

subcutaneously.  D2E7 is well tolerated and must be called a therapeutic step 

forward.”).           

                                           
10  Counsel for Patent Owner states that such equivalency “would have been 
a best case.”  Tr. 46:11–12.  That is, Patent Owner agrees that the two doses 
are equivalent, but contends that if the 0.5 mg/kg dose is insufficient to treat 
RA, the 40 mg subcutaneous dose also is insufficient, given the lower 
bioavailability of a drug after subcutaneous administration.  Tr. 46:16–21.  
We address that contention below in discussing Patent Owner’s argument 
that Kempeni, and the prior art as a whole, teach away from the 0.5 mg/kg 
dose.  See infra §§ II.C.3.b.(2)(ii)–(2)(iii).  
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Patent Owner points to Kempeni’s disclosure that treatment was 

discontinued during the biweekly phase of the DE003 study “once a 

response was rated as ‘good’ and patients were retreated ‘only upon disease 

flare up.’”  Resp. 49 (citing Ex. 1003, 2).  Thus, Patent Owner contends that 

the focus on personalized doses and schedules in the DE003 study would 

have taught away from the fixed dosing regimen of the claims.  Id.  

We do not agree.  A reference teaches away from the claimed 

invention if it criticizes, discredits, or would have discouraged a person of 

ordinary skill in the art from “following the path set out in the reference,” or 

if a person of ordinary skill “would [have been] led in a direction divergent 

from the path that was taken by the applicant.”  In re Gurley, 27 F.3d 551, 

553 (Fed. Cir. 1994); see In re Fulton, 391 F.3d 1195, 1201 (Fed. Cir. 2004).  

The mere disclosure of alternative designs, however, does not teach away.  

In re Mouttet, 686 F.3d 1322, 1333–34 (Fed. Cir. 2012).   

Kempeni discloses several clinical studies that utilized different 

dosing protocols.  DE003 was one of those clinical studies.  In the DE003 

study, patients received 0.5 to 10 mg/kg of D2E7 intravenously “every two 

weeks” until DAS (Disease Activity Score) responses could be rated as 

“good.”  Ex. 1003, 2 (emphasis added).  Thus, far from criticizing, 

discrediting, or discouraging the person of ordinary skill from pursuing a 

biweekly regimen, as explained above, Kempeni expressly discloses such 

dosing frequency.11  We agree with Patent Owner that, for some portion of 

                                           
11 Additional prior art references support our finding regarding Kempeni’s 
disclosure.  For example, one reference describes the DE003 study as a 
clinical trial in which “D2E7 was given in doses of 0.5–10 mg/kg 
[intravenously] over 3–5 minutes every two weeks over a time period of 
now 1½ years.”  Ex. 2114, 4.   
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the treatment period, patients were treated “only on flare up.”  Id.; see Resp. 

49.  That disclosure, however, does not negate Kempeni’s teaching of 

biweekly dosing.  Nor does it teach away from biweekly dosing.  Rather, we 

find that such disclosure represents, at most, an alternative dosing schedule 

to the biweekly dosing Kempeni discloses.  In any event, we note that 

persons of ordinary skill were not led in a direction divergent from that taken 

by Patent Owner.  To the contrary, evidence in the record demonstrates that 

skilled artisans conducted studies dosing D2E7 subcutaneously in fixed 

doses, and dosing D2E7 on a biweekly schedule.  Ex. 1004, 1 (disclosing 

that D2E7 was administered subcutaneously in fixed doses of 20, 40, and 80 

mg); Ex. 1005, 3 (describing the DE010 study, in which patients initially 

were treated with 1 mg/kg D2E7 intravenously, 1 mg/kg D2E7 

subcutaneously, or placebo, but thereafter received subcutaneous injections 

of 1 mg/kg D2E7 biweekly in the open label portion of the study).            

Second, Patent Owner argues that even if the 0.5 mg/kg intravenous 

dose disclosed in Kempeni is equivalent to a 40 mg subcutaneous dose, the 

0.5 mg/kg dose “would have delivered substantially more drug” to the 

patient than a 40 mg subcutaneous dose because “only a fraction of the 

subcutaneous dose is absorbed in the blood stream.”  Resp. 50 (citing 

Ex. 2069 ¶ 34).  On that point, Dr. Vinks testifies that the bioavailability 

(i.e., amount of drug that reaches the systemic circulation relative to an 

intravenous administration) of a drug administered subcutaneously “is 

almost always lower than for the same drug administered intravenously.”  

Ex. 2069 ¶ 34.  

We agree with Patent Owner that a drug administered subcutaneously 

can be less bioavailable than a drug administered intravenously.  See 
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Ex. 2018, 8–9 (explaining that the absolute bioavailability of proteins after 

subcutaneous administration “is generally variable and incomplete relative 

to an [intravenous] dose with values ranging from about 20% up to 100%”). 

Nevertheless, Kempeni discloses that plasma concentrations of D2E7 after 

multiple subcutaneous doses are “comparable to those achieved with 

intravenous administration,” and that D2E7 administered subcutaneously is 

“as effective as when administered intravenously.”  Ex. 1003, 3.  Given 

those teachings, we are not persuaded that the difference in bioavailability 

between an intravenous and subcutaneous dose would have counseled 

against administering a subcutaneous 40 mg dose of D2E7 biweekly.     

Third, Patent Owner argues that the skilled artisan would not have 

understood the 0.5 mg/kg dose in the biweekly study that Kempeni discloses 

to suggest that a 40 mg biweekly regimen would have been effective to treat 

RA.  Resp. 50.  Specifically, Patent Owner contends that patients were up-

dosed due to inadequate response in all trials that evaluated the 0.5 mg/kg 

dose.  Id. (citing Ex. 1003, 2–3; Ex. 1023); see also id. at 12, 36–37 

(“up-dosing occurred even in trials involving intravenous administration”).  

Patent Owner further asserts that at least one prior art reference (i.e., Rau 

2000) emphasized that D2E7 doses greater than 1 mg/kg resulted in 

“long-lasting reduction of disease activity.”  Id. at 36, 50 (citing Ex. 2114, 

4).  According to Patent Owner, Kempeni, and the prior art as a whole, 

taught away from administering low doses (i.e., 0.5 mg/kg or 1 mg/kg) 

across all patients.  Id. at 38, 50.         
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Petitioner replies that up-dosing of the 0.5 mg/kg dose did not show 

that the dose was insufficient to treat RA.  See Reply 15–16.12  On that point, 

Petitioner asserts that Kempeni and Rau 2000 “both teach that the 0.5 mg/kg 

bi-weekly dose was ‘sufficient’ and reduced the signs and symptoms of RA 

in patients,” even if it resulted in only a moderate response.  Id. at 19.  After 

having considered the arguments and evidence before us, we agree with 

Petitioner that the up-dosing reported in Kempeni and Rau 2000 would not 

have dissuaded a person of ordinary skill from pursuing 40 mg biweekly 

dosing.   

Like Kempeni, Rau 2000 describes the DE001/DE003 clinical study 

and results of that study.  Ex. 2114, 5–7, Figs. 2–5.  Rau 2000 discloses that, 

in DE001, patients received an initial dose of 0.5 mg/kg, 1 mg/kg, 3 mg/kg, 

                                           
12 In a conference call with the Board, Patent Owner objected to the section 
of Petitioner’s Reply that addresses up-dosing, and several exhibits cited in 
that section, as outside of the proper scope of a reply.  See Paper 50, 2.  In 
denying Patent Owner’s request to strike or supplement the record, we 
explained that we would determine whether the material, or any portion of 
the material, exceeds the proper scope of a reply when preparing the final 
written decision.  Id. at 4.  We have reviewed the material in light of Patent 
Owner’s objections and determine that Petitioner’s arguments are within the 
proper scope of a reply because they directly respond to Patent Owner’s 
assertions that reports of up-dosing would have taught away from the 
claimed invention.  We do not consider Petitioner’s citations to statements 
from the declaration of Dr. Kupper from the patent prosecution history (i.e., 
Ex. 2003 ¶ 13) in determining whether reports of up-dosing would have 
taught away from the claimed invention, however, because Petitioner does 
not establish that those statements describe information that was publicly 
available as of the June 2001 priority date of the ’135 patent.  We further 
note that Patent Owner spent time at the oral argument discussing up-dosing 
and the conclusion that one of ordinary skill would have drawn from the 
reported up-dosing and Rau 2000.  See, e.g., Tr. 49:6–50:2, 50:20–51:12.         
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5 mg/kg, 10 mg/kg of D2E7, or placebo intravenously.  Ex. 2114, 5.  

Patients then entered the open label phase of the study, DE003, and received 

a second injection four weeks after the first injection.  Id.; see Ex. 1003, 2 

(Kempeni describing the transition from DE001 to DE003).  Patients were 

subsequently administered injections when disease activity increased, at a 

minimum interval of two weeks.  Ex. 2114, 5.  As counsel for Patent Owner 

notes, Rau 2000 reports that “after the lower doses (0.5 or 1 mg per kg of 

body weight), the number of swollen joints gradually increased again.”  Id. 

at 6, Fig. 2; see Tr. 48:21–49:5.  Rau 2000 also reports that there was a 

worsening in ESR (erythrocyte sedimentation rate) after one week in the 0.5 

mg/kg group.  Id. at 6.  Patent Owner relies on these statements in Rau 2000 

as support for its argument that the 0.5 mg/kg dose was ineffective.  Resp. 

36, 50.  Although Patent Owner’s argument has some merit, we do not find 

that Rau 2000 indicates that the 0.5 mg/kg dose was “ineffective,” as Patent 

Owner argues.  For example, Rau 2000’s description of the patients’ swollen 

joints notes improvement after administration of all doses and Figure 2 

shows a decrease in the number of swollen joints from week 0 (i.e., the 

beginning of the study) to week 2.  Ex. 2114, 6, Fig. 2; Ex. 2218, 6, Fig. 2 

(high resolution version of Rau 2000 that depicts the figures with better 

clarity).  We acknowledge that Rau 2000 discloses an increase in the number 

of swollen joints when the dosing interval was extended beyond two weeks, 

but find that such a teaching would not have counseled against a dosing 

regimen in which D2E7 is administered every two weeks. 

We also acknowledge that Rau 2000 reports an ESR in the 0.5 mg/kg 

group that was “worsening again already after one week.”  Ex. 2114, 6.  But 

that is only one of the ACR20 criteria.  See Ex. 1003, 2.  And, despite that 
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disclosure, Rau 2000 reports that “[o]bservation of an ACR-20 . . . response 

was determined, at any point in time, with about 42% of patients” in the 0.5 

mg/kg dosing group and about 65% of patients in the 1 mg/kg dosing group 

achieving an ACR20 response.  Ex. 2114, 6.  Thus, Rau 2000 indicates that 

the 0.5 mg/kg dose was effective in treating patients (i.e., reducing the signs, 

symptoms, and/or progression of RA).  That the 0.5 mg/kg dose was not the 

most effective dose is of no moment because, as explained above, the claims 

do not require superior efficacy or treatment with the most effective dose.  

See § II.B.   

Further, Kempeni concludes that “long term intravenous treatment 

with D2E7 in the dose range from 0.5 to 10 mg/kg was well tolerated.”  

Ex. 1003, 2; see also Ex. 1005 (describing the DE010 study, in which 

patients received 1 mg/kg intravenous or subcutaneous initial doses of 

D2E7, followed by an open label phase of subcutaneous injections of 

1 mg/kg D2E7 and explaining that “[s]ubcutaneous as well as intravenous 

injections of D2E7 at a dose of 1 mg/kg were safe and efficacious when 

given with standard, stable doses of [methotrexate] in patients with active 

RA”).  Accordingly, we determine that a preponderance of the evidence 

supports Petitioner’s position that the person of skill in the art would not 

have been discouraged from pursuing a 40 mg biweekly dosing regimen in 

view of the up-dosing disclosed in Kempeni or the DE001/DE003 study 

results that Rau 2000 describes.         

(iii) Concerns about anti-drug antibodies, therapeutic range of 
D2E7, and efficacy generally 

Patent Owner argues that the available PK data and clinical data for 

D2E7 would have discouraged a person of ordinary skill from pursuing the 

claimed dosing regimen in view of “the known threat of anti-drug 
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antibodies” (“ADAs”).  Resp. 27–28.  With respect to the PK data, Patent 

Owner argues the data suggest that, at steady-state, the trough concentrations 

(i.e., Cmin) would have been expected to be too low and the fluctuations 

between Cmin and Cmax greater than those of the 20 mg weekly van de Putte 

dose, thereby teaching away from the claimed dosing regimen.  Id. at 26, 

31–36.  Patent Owner contends that the lower Cmin values of a subcutaneous 

40 mg biweekly dose would have triggered concerns about the risk of 

developing anti-drug antibodies, and that the greater Cmin and Cmax 

fluctuations would have triggered concerns about the safety of that dosing 

regimen.  Id. at 38–43.  To illustrate those points, Patent Owner directs us to 

modeling performed by Dr. Vinks using the available PK data and, where 

the data were not available, assumptions based on data for similar proteins.  

Id. at 32–36; see Ex. 2069 ¶¶ 131–150.    

Petitioner replies that the ordinary artisan would have relied on the 

published clinical data to design a D2E7 dosing regimen, not theoretical PK 

modeling, and that those data would have led to 40 mg biweekly dosing with 

the reasonable expectation that it would treat the signs and symptoms of RA.  

Reply 4–6.  Petitioner further asserts that Patent Owner’s modeling theory is 

flawed in that it assumes that a skilled artisan would have been motivated 

solely to pursue the most efficacious dosing regimen possible.  Id. at 7.  

Petitioner argues that a skilled artisan would have balanced efficacy with a 

number of other factors when designing a dosage regimen, including safety 

and patient preference.  Id.  Petitioner also contends that the conclusions 

Patent Owner and Dr. Vinks draw from the PK modeling are irrelevant 

because there is no evidence that the Cmin value for a 20 mg weekly dose was 

the appropriate Cmin to use as the therapeutic floor.  Id. at 11.     
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We are persuaded by Petitioner’s arguments.  Here, record evidence 

supports Petitioner’s argument that a skilled artisan would have pursued one 

of two approaches to designing a dosing regimen:  a clinical approach 

testing different doses and dosing intervals, as Patent Owner did for D2E7, 

or a theoretical model approach.  Indeed, Patent Owner’s PK expert during 

prosecution outlined the two alternative approaches to drug dosage 

development and explained that Patent Owner developed the D2E7 dosing 

regimen through clinical trials.  Ex. 2003 ¶ 62.  And Dr. Vinks testifies that 

the publicly available PK information in June 2001 would not have 

permitted a PK/PD correlation for modeling purposes, because it did not 

report patient specific data.  Ex. 2069 ¶¶ 130–131; see Ex. 2003 ¶¶ 64, 68 

(patient specific data is necessary for theoretical modeling).  Nevertheless, 

Dr. Vinks performed such a modeling exercise.   

Even assuming that the Cmin and Cmax values from Dr. Vinks’s 

modeling are correct, however, we agree with Petitioner that the conclusions 

Dr. Vinks draws from the modeling are not entitled to much weight because, 

as both parties note, the minimum effective dose of D2E7 “was undefined in 

June 2001.”  Ex. 2003 ¶ 53 n.2; Resp. 21; Reply 12.  Thus, comparing the 

Cmin of a 40 mg biweekly dose to the Cmin of van de Putte’s 20 mg weekly 

dose does not suggest that persons of ordinary skill in the art would have 

been discouraged from selecting a 40 mg biweekly dose of D2E7 out of 

concern for the potential of developing ADAs.        

Moreover, the available information regarding D2E7 suggests that, 

although the potential for developing ADAs was known, such potential 

would not have discouraged a skilled artisan from pursuing a 40 mg 

biweekly dose of D2E7.  In contrasting D2E7 with other biological anti-TNF 
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treatments, Kempeni discloses that one would have expected the fully 

human D2E7 antibody to be less immunogenic (i.e., there would have been 

less of a concern with developing ADAs).  Ex. 1003, 1; see Ex. 1056, 56:8–

57:22.  That is, Kempeni explains that the therapeutic efficacy of infliximab 

(REMICADE®), a chimeric antibody that is part human and part mouse, and 

etanercept (ENBREL®), a human fusion protein, “may be limited by an 

immune response to their non-human elements or artificially fused human 

sequences.”  Ex. 1003, 1.  Kempeni further states that the fully human 

D2E7, “may have greater therapeutic potential” and “advantages in 

minimising antigenicity in humans.”  Id.; see also Ex. 2114 (“Since D2E7 

consists only of human sequences, allergic reactions are less probable than 

with non-human monoclonal antibodies.”).  Although counsel for Patent 

Owner acknowledges there could be differences in the risk of developing 

ADAs when dosing a chimeric antibody such as REMICADE®, Tr. 43:21–

44:18, neither Patent Owner’s arguments nor Dr. Vinks’s testimony 

regarding ADAs accounts for the differences between D2E7, which is fully 

human, and other biological anti-TNF treatments, which are not.13  See 

Resp. 39–43; Ex. 2069 ¶¶ 64, 69–71, 163. 

                                           
13 We also note that Kempeni reports D2E7 was safe and efficacious over a 
wide range of doses (i.e., from 0.5 mg/kg to 10 mg/kg).   Ex. 1003, 3.  And 
Rau 2000, although recognizing that “idiotypical epitopes can represent a 
theoretical potential for allergic reactions” (i.e., reactions due to the 
development of ADAs), explains that that theoretical potential was not borne 
out in the data from the D2E7 clinical trials because “reactions which were 
described as allergic . . . did not recur in the same patients with continuation 
of the treatment” and “did not require any therapeutic intervention.”  Ex. 
2114, 8.  Further, the evidence suggests that an anti-TNFα treatment can be 
effective and safe even when some patients develop ADAs.  As Petitioner 
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We also do not find the evidence of record sufficient to show that 

fluctuations in Cmin and Cmax for a 40 mg biweekly treatment would have 

raised safety issues such that one of ordinary skill in the art would have been 

discouraged from using that dosing protocol.  Dr. Vinks testifies that “‘large 

fluctuations between C[max] and C[min] can be hazardous,’ particularly if the 

drug ‘has a narrow therapeutic range.’”  Ex. 2069 ¶ 41 (citing Ex. 2049, 11); 

see also id. ¶ 148 (“It was reported in the prior art that ‘the magnitude of 

fluctuations between the maximum and minimum stead-state plasma 

concentrations are an important consideration for any drug that has a narrow 

therapeutic range’” (emphasis added)).  Nothing in the record, however, 

suggests that D2E7 has a narrow therapeutic range.  Rather, as Petitioner 

explains, D2E7 has a wide therapeutic window and a relatively long half-

life.  Reply 13–14; see Ex. 1003, 2 (reporting that D2E7 has a half-life of 

11.6 to 13.7 days, and that the drug was safe and efficacious in clinical trials 

when dosed over a range of 0.5 mg/kg to 10 mg/kg).      

Finally, regarding the clinical data, Patent Owner points to the prior 

art trials that report patient up-dosing.  Resp. 36–37.  As explained above, 

however, we are not persuaded that reports of up-dosing would have taught 

away from the claimed dosing regimen.  Patent Owner further contends that 

van de Putte also observes “[t]he trend of better efficacy with higher or more 

frequent doses.”  Resp. 37 (citing Ex. 2065 ¶¶ 17, 64–66; Ex. 2069 ¶ 93).  In 

that regard, Patent Owner notes that the 20 mg weekly dose “appeared to be 

                                           
explains, REMICADE® and ENBREL® are approved for the treatment of 
RA, even though some patients using those products develop ADAs.  Reply 
21 (citing Ex. 1011, 4; Ex. 1012, 7; Ex. 1055, 218:15–220:3; Ex. 1056, 
33:5–16). 
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less effective than the 40 mg and 80 mg weekly doses” because the data 

show that the 20 mg dose was “numerically inferior” to the other doses.  Id. 

(citing Ex. 1004, 1; Ex. 1024 (van de Putte 6 month data); Ex. 2129 (van de 

Putte 1-year data)).  Patent Owner continues that a skilled artisan “would 

have been unlikely to pursue the 20 mg weekly dose of van de Putte and 

would have been discouraged from making changes to that dosing regimen 

that would be expected to decrease its efficacy.”  Id.  This is so, argues 

Patent Owner, because the goal of a person of ordinary skill engaged in the 

design of a D2E7 dosing regimen “would not have been to obtain mere 

superiority over placebo or to achieve marginal efficacy[;] . . . [t]he goal 

would have been to eliminate disease activity or reduce it to the fullest 

extent possible.”  Id. at 38 (citing Ex. 2025, 3; 2065 ¶¶ 71, 92–93; Ex. 2074, 

48:24–49:1, 64:18–65:12).   

We disagree that the evidence supports an assertion that the 20 mg 

dose was insufficiently efficacious.  First, as we explained in the Institution 

Decision, van de Putte discloses that 20, 40, and 80 mg of D2E7 

administered weekly were “all statistically significantly superior to placebo” 

for all efficacy parameters studied (i.e., van de Putte discloses that all three 

doses treated RA).  Ex. 1004, 1; Inst. Dec. 16–17.  And van de Putte’s 

tabulated clinical responses show similar percentages of patients achieving 

ACR20 response and median percent improvement in TJC, SWJC, and CRP 

for each of the 20, 40, and 80 mg doses.  Ex. 1004, 1.  Although Patent 

Owner argues that rheumatologists “routinely rely on numerical trends, even 

if not statistically validated,” Resp. 37 n.7, as both parties’ experts note, the 

van de Putte study was not designed for dose-to-dose comparisons.  

Ex. 1006 ¶ 61; Ex. 2069 ¶ 93.  To the extent that such dose-to-dose 
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comparisons are permissible to make from the van de Putte data, the authors 

of the study (i.e., persons of at least ordinary skill as of June 2001) 

concluded that the “20, 40 and 80 mg/week were nearly equally efficacious 

when given [subcutaneously] in patients with active RA.”  Ex. 1004, 1.  

We also are not persuaded that the only goal of a skilled artisan in 

June 2001 would have been to eliminate disease activity or reduce it to the 

fullest extent possible, as Patent Owner argues.  Patent Owner’s argument in 

this regard looks to what a rheumatologist would have considered the ideal 

goals of treatment, not what would have been considered practically 

achievable for every patient.  See Ex. 2074, 66:12–25 (Dr. O’Dell’s 

testimony that “if the disease activity continues, it’s not completely 

controlled, [but] that does not mean your treatment has been a complete 

failure.  Oftentimes you’re only able to improve things and not get rid of 

them entirely.”), 73:12–18 (complete remissions of RA are “disappointingly 

rare,” even today).  In other words, we agree with Petitioner that the skilled 

artisan designing a dosing regimen through clinical trials would have 

balanced efficacy with other factors including safety and patient preference.  

Ex. 1006 ¶ 69; Ex. 2006 ¶ 23; Ex. 2049, 11 (a multiple-dosage regimen 

should balance “patient convenience with the achievement and maintenance 

of maximal clinical effectiveness”); Ex. 2074, 68:6–9 (the expectations for 

clinical trials were “to improve by ACR20,” which is “the FDA standard”); 

Ex. 2119, 67 (dosing intervals may need to be adjusted “to make the 

frequency of administration convenient for patient compliance”).   

 In sum, we are not persuaded that the available PK data and clinical 

data for D2E7 would have taught away from selecting a 40 mg biweekly 

dose.  That does not end our inquiry, however, because Patent Owner 
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presents arguments and evidence regarding objective indicia of 

nonobviousness that we must consider before reaching our conclusion on 

obviousness.  WBIP, LLC v. Kohler Co., 829 F.3d 1317, 1328 (Fed. Cir. 

2016).  We consider those arguments and evidence below.       

c. Objective indicia of nonobviousness 
Patent Owner argues that objective evidence of a long-felt, but unmet, 

need for new RA therapies, unexpected results, and commercial success 

(“secondary considerations”) supports the nonobviousness of the challenged 

claims.  Resp. 55–61.  “For objective evidence of secondary considerations 

to be accorded substantial weight, its proponent must establish a nexus 

between the evidence and the merits of the claimed invention.”  In re Huai-

Hung Kao, 639 F.3d 1057, 1068 (Fed. Cir. 2011) (quoting Wyers v. Master 

Lock Co., 616 F.3d 1231, 1246 (Fed. Cir. 2010)).  We apply “a presumption 

of nexus for objective considerations when the patentee shows that the 

asserted objective evidence is tied to a specific product and that product ‘is 

the invention disclosed and claimed in the patent.’”  WBIP, 829 F.3d at 1329 

(citations omitted).  That presumption, however, is rebuttable.  Id.   

As explained further below, we are not persuaded that Patent Owner’s 

arguments and evidence support the nonobviousness of the challenged 

claims.   

(1) Commercial success 
Patent Owner offers evidence of the success of HUMIRA®, a 

commercial formulation of the claimed subject matter, to support the 

nonobviousness of the challenged method claims.  Resp. 58–61. 

“When a patentee can demonstrate commercial success, usually 

shown by significant sales in a relevant market, and that the successful 
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product is the invention disclosed and claimed in the patent, it is presumed 

that the commercial success is due to the patented invention.”  J.T. Eaton & 

Co. v. Atl. Paste & Glue Co., 106 F.3d 1563, 1571 (Fed. Cir. 1997); WBIP, 

829 F.3d at 1829.  That presumption of nexus, however, is rebuttable, as “a 

patent challenger may respond by presenting evidence that shows the 

proffered objective evidence was ‘due to extraneous factors other than the 

patented invention.’”  WBIP, 829 F.3d at 1829.   

There is no dispute in this case that HUMIRA® is commercially 

successful.  Resp. 58; Reply 26 (“HUMIRA® has also been commercially 

successful . . .”); see Ex. 1025 ¶ 9 (Dr. Reisetter testifying that HUMIRA® 

“has been commercially successful since its introduction in 2003”); Ex. 2067 

¶¶ 8–9 (Dr. Hausman testifying that HUMIRA® “has become a top-selling 

TNF inhibitor for the treatment of rheumatoid arthritis”).  Patent Owner 

asserts that the success of HUMIRA® is attributable to “the claimed 

invention as a whole—a regimen that specifies the biological agent (D2E7), 

the method of administration (subcutaneous), the dose (40 mg fixed dose) 

and the dosing interval (13-15 days).”  Resp. 58–59. 

Petitioner, on the other hand, contends that any presumption of nexus 

has been rebutted because the reasons for HUMIRA®’s commercial success 

are “unrelated to the claimed dosing regimen.”  Reply 26; Pet. 29–30.  To 

support its position, Petitioner directs us to some of Patent Owner’s 

additional patents covering HUMIRA®, including the patent directed to the 

antibody itself and several patents directed to formulations of HUMIRA®.  

Pet. 30; Reply 26; Ex. 1047.  Petitioner also points to Patent Owner’s 

argument in a different inter partes review proceeding involving a 

formulation patent covering HUMIRA®.  Reply 26.  There, Patent Owner 
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argued that the formulation covered by the patent and sold as HUMIRA® 

“was a marked advance over the low-concentration and lyophilized 

formulations of its day.”  Ex. 1046, 61.  Patent Owner continued that the 

commercial success of HUMIRA®  

was driven in large part by (i) the ability of patients to self-
administer a liquid antibody formulation via single dose 
subcutaneous administration . . . without lyophilization and the 
accompanying need for reconstitution, and (ii) the fact that it is 
stable enough to be commercially viable (e.g., to withstand 
shipping and storage for periods of time typical for biologic 
therapies.) 

Id.  Thus, Patent Owner has relied on features other than the dosing regimen 

recited in the ’135 patent claims as driving the commercial success of 

HUMIRA®.   

Petitioner correctly notes that Patent Owner does not account for the 

other patents covering HUMIRA® in its efforts to establish commercial 

success.  See Tr. 65:21–66:15; Ex. 1057, 112:4–21 (Dr. Hausman testifying 

that he did not investigate whether other patents drove the commercial 

success of HUMIRA®).  Further, as we noted in the Institution Decision, 

some of the record evidence attributes HUMIRA®’s commercial success to 

the fully human D2E7 anti-TNFα antibody, rather than the recited dosing 

regimen.  Inst. Dec. 22; Ex. 2031, 3 (“The scientific idea was to see if they 

could develop an antibody drug candidate against the TNF target that was 

‘fully human’ . . . By using only human DNA in the drug, it was supposed to 

help the treatment circumvent immune-system surveillance, and therefore 

avoid triggering immune-system reactions that might cause additional side 

effects.”).  And, as explained above, the D2E7 antibody was known and 

patented.  Ex. 1001, 3:28–38; see generally Ex. 1008.  “Where market entry 
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by others was precluded [due to blocking patents], the inference of non-

obviousness of [the claims], from evidence of commercial success, is weak.”  

Galderma Labs., L.P. v. Tolmar, Inc., 737 F.3d 731, 740 (Fed. Cir. 2013).     

On this record, it is not clear whether the sales of HUMIRA® are due 

to the dosing regimen recited in the ’135 patent, or the formulation that 

Patent Owner argued was the driver of commercial success in another inter 

partes review, or the known and patented fully human D2E7 antibody.  

Consequently, we cannot conclude from the evidence before us that the 

commercial success of HUMIRA® was due to the merits of the invention 

recited in in the ’135 patent.  Accordingly, we determine that Petitioner 

presents sufficient evidence to rebut the presumption of nexus between the 

commercial success of HUMIRA® and the claimed dosing regimen.  We, 

therefore, are not persuaded that Patent Owner’s evidence of commercial 

success supports the nonobviousness of the challenged claims. 

(2) Long-felt need 
Patent Owner contends there was a long-felt need for new RA 

therapies supporting the nonobviousness of the challenged claims.  Resp. 

55–56.  Specifically, Patent Owner argues that, as of June 2001, there was a 

need for new treatments for RA to address the clinical disadvantages 

associated with then-existing treatments.  Id. at 55 (citing Ex. 2065 ¶¶ 21–

32, 90, 91).  In particular, Patent Owner asserts that although two anti-TNFα 

agents were approved as of 2001 (i.e., REMICADE® and ENBREL®), “a 

need existed for additional biologics with more advantageous dosing 

regimens,” and HUMIRA® satisfied that need where biologics from other 

companies failed.  Id. at 55–56.  
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We are not persuaded that Patent Owner demonstrates that the 

claimed dosing regimen satisfied a long-felt, but unmet need for RA 

treatment.  For example, although Patent Owner presents some evidence that 

there may have existed a need for RA treatments with a less frequent dosing 

schedule, (i.e., ENBREL® required twice weekly administration), the prior 

art already disclosed biweekly D2E7 dosing regimens.  See Ex. 1003, 2 

(Kempeni describing biweekly dosing of D2E7).  Likewise, Patent Owner 

contends that there was a need for subcutaneous dosing (i.e., REMICADE® 

was administered intravenously), but the prior art disclosed subcutaneous 

dosing of anti-TNFα agents generally, as well as subcutaneous dosing of 

D2E7.  See Ex. 1011, 5 (“The recommended dose of ENBREL for adult 

patients with [RA] is 25 mg given twice weekly as a subcutaneous 

injection”); Ex. 1004, 1 (van de Putte describing subcutaneous dosing of 

D2E7).  Similarly, Patent Owner fails to tie its evidence of long-felt need to 

the 40 mg dose recited in the claims.       

Further, Patent Owner contends that D2E7 succeeded where other 

anti-TNFα agents did not, but does not sufficiently connect that success to a 

subcutaneous dose of 40 mg administered biweekly.  Rather, it appears from 

the evidence that the driving force behind the satisfaction of a long-felt need 

and success where others had failed was the introduction of the first fully 

human anti-TNFα antibody, not the claimed dosing regimen.  See Ex. 1003, 

1 (explaining that the therapeutic duration of chimeric antibodies and human 

fusion proteins “may be limited” by an immune response, and that fully 

human D2E7 “may have advantages in minimising antigenicity in humans”); 

Ex. 2065 ¶ 88 (Dr. Gibofsky’s testimony that prior art anti-TNFα inhibitor 

TNFbp dimer failed because a “‘significant antibody response’ was reported 
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that ‘affected the half-life and clearance of the TNFbp at each dose group’” 

tested (internal citation omitted and emphasis added)).  Accordingly, we are 

not persuaded that Patent Owner’s evidence of long-felt need supports the 

nonobviousness of the challenged claims.     

(3) Unexpected results 
Patent Owner argues that despite the lower predicted Cmin of the 

claimed dosing regimen and concern about formation of ADAs that would 

have followed from the lower Cmin, the claimed dosing regimen is 

unexpectedly effective.  Resp. 56–58.  Patent Owner does not direct us to 

sufficient evidence showing that the efficacy of a subcutaneous 40 mg 

biweekly dosing regimen would have been unexpected.  Nor does Patent 

Owner compare that dosing regimen to the closest prior art.  Kao Corp. v. 

Unilever United States, Inc., 441 F.3d 963, 970 (Fed. Cir. 2006) (“when 

unexpected results are used as evidence of nonobviousness, the results must 

be shown to be unexpected compared with the closest prior art” (internal 

quotations and citation omitted)); See generally Resp. 56–57.   Rather, 

Patent Owner simply reiterates its teaching away arguments.  We reject 

those arguments in the context of unexpected results for the same reasons 

provided above with respect to Patent Owner’s teaching away arguments.  

That is, we determine that a preponderance of the evidence suggests that a 

subcutaneous 40 mg biweekly dosing regimen would have been expected to 

be safe and effective at treating RA.                 

 Conclusion as to obviousness 
Having considered the parties’ arguments and evidence, we evaluate 

all of the evidence together to make a final determination of obviousness.  In 

re Cyclobenzaprine Hydrochloride Extended-Release Capsule Patent Litig., 

Appx43

Case: 17-2304      Document: 36     Page: 109     Filed: 12/13/2017



IPR2016-00172 
Patent 8,889,135 B2 
 

44 
 

676 F.3d 1063, 1075 (Fed. Cir. 2012) (stating that a fact finder must 

consider all evidence relating to obviousness before finding patent claims 

invalid).  In so doing, we conclude that Petitioner has satisfied its burden of 

demonstrating, by a preponderance of the evidence, that the subject matter of 

claims 1–5 of the ’135 patent would have been obvious over the 

combination of Kempeni and van de Putte.       

 

III. ORDER 

 In consideration of the foregoing, it is hereby: 

 ORDERED that Petitioner establishes, by a preponderance of the 

evidence, that claims 1–5 of the ’135 patent are unpatentable; and  

 FURTHER ORDERED that this is a Final Written Decision; 

therefore, parties to the proceeding seeking judicial review of the decision 

must comply with the notice and service requirements of 37 C.F.R. § 90.2. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
____________ 

 
BEFORE THE PATENT TRIAL AND APPEAL BOARD 

____________ 
 

COHERUS BIOSCIENCES INC., 
Petitioner,  

 
v. 
 

ABBVIE BIOTECHNOLOGY LTD., 
Patent Owner. 
____________ 

 
Case IPR2016-00188  
Patent 9,017,680 B2 

____________ 
 

 

Before TONI R. SCHEINER, JAMES T. MOORE, and  
MICHELLE N. ANKENBRAND, Administrative Patent Judges. 
 
SCHEINER, Administrative Patent Judge. 
 
 
 

FINAL WRITTEN DECISION 
Determining Claims 1–4 Unpatentable 
35 U.S.C. § 318(a); 37 C.F.R. § 42.73 
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I. INTRODUCTION 

This is a Final Written Decision in an inter partes review challenging 

the patentability of claims 1–4 (collectively, “the challenged claims”) of 

U.S. Patent No. 9,017,680 B2 (Ex. 1001, “the ’680 patent”).  We have 

jurisdiction under 35 U.S.C. § 6.  For the reasons that follow, we determine 

that Petitioner demonstrates, by a preponderance of evidence, that claims 1–

4 are unpatentable.     

 Procedural History 
Coherus BioSciences Inc. (“Petitioner”) filed a Petition (Paper 2, 

“Pet.”) requesting an inter partes review pursuant to 35 U.S.C. § 311.  On 

June 13, 2016, we instituted trial to determine whether claims 1–4 of the 

’680 patent are unpatentable under 35 U.S.C. § 103 as obvious over the 

combination of and van de Putte1 and Kempeni.2  Paper 9 (“Institution 

Decision or “Inst. Dec.”).     

AbbVie Biotechnology Ltd. (“Patent Owner”) filed a Response (Paper 

31, “PO Resp.”), and Petitioner filed a Reply (Paper 41, “Reply”).  Petitioner 

supports its Petition with the Declarations of Dr. Sharon Baughman 

(Ex. 1006), Dr. James O’Dell (Ex. 1007), and Dr. Brian Reisetter 

(Ex. 1025).  Patent Owner relies on the Declarations of Dr. Allan Gibofsky 

(Ex. 2065), Dr. Brian Harvey (Ex. 2066), Dr. Jerry A. Hausman (Ex. 2067), 

Dr. Jeffrey M. Sailstad (Ex. 2068), and Dr. Alexander A. Vinks (Ex. 2069). 

                                           
1 Leo van de Putte et al., Efficacy of the Fully Human Anti-TNF Antibody 
D2E7 in Rheumatoid Arthritis, 42(S9) ARTHRITIS & RHEUM. S400, Abstract 
1977 (1999) (Ex. 1004). 
2 Joachim Kempeni, Preliminary results of early clinical trials with the fully 
human anti-TNFα monoclonal antibody D2E7, 58:(Suppl. I) ANN. RHEUM. 
DIS. 170–72 (1999) (Ex. 1003). 
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Oral argument was heard on February 16, 2017, and a transcript of the 

argument has been entered into the record (Paper 53, “Tr.”). 

 Related Proceedings 
The parties do not inform us of any related litigation, but indicate that 

the ’680 patent is a continuation of U.S. Patent Application No. 10/163,657, 

which issued as U.S. Patent No. 8,889,135 (“the ’135 patent”), and that U.S. 

Patent No. 9,073,987 (“the ’987 patent”) is also a continuation of 

Application No. 10/163,657.  In addition to the present Petition, Petitioner 

filed petitions seeking inter partes review of the ’135 and ’987 patents: 

IPR2016-00172 and IPR2016-00189, respectively.  Pet. 3, Paper 6, 1.  

Patent Owner further identifies two additional petitions—filed by a different 

petitioner—seeking inter partes review of the ’135 patent: IPR2016-00408 

and IPR2016-00409.  Paper 6, 1.  

 The ’680 Patent (Ex. 1001) 
Tumor necrosis factor α (“TNFα”), a cytokine produced by numerous 

cell types, has been implicated in activating tissue inflammation and causing 

joint destruction in the auto immune disease, rheumatoid arthritis (“RA”).  

Ex. 1001, 1:15–16, 25:36–40.  The ’680 patent, titled “Methods of 

Administering Anti-TNFα Antibodies,” issued on April 28, 2015, and 

discloses administering a total body dose of 20, 40, or 80 mg of an anti-

TNFα antibody having the six complementarity determining regions 

(“CDRs”) and heavy chain regions of D2E7—a known recombinant human 

anti-TNFα antibody— together with the anti-rheumatic drug methotrexate 

(“MTX”), to rheumatoid arthritis patients according to a “biweekly dosing 

regimen[] . . . preferably via a subcutaneous route . . . [p]referably . . . every 

9–19 days, more preferably, every 11–17 days, even more preferably, every 

Appx48

Case: 17-2304      Document: 36     Page: 114     Filed: 12/13/2017



IPR2016-00188 
Patent 9,017,680 B2 
 

4 
 

13–15 days, and most preferably, every 14 days.”  Id. at 3:7–42, 6:26–39, 

9:53–67, 29:15–30:29.    

 Illustrative Claim 
Petitioner challenges claims 1–4 of the ’680 patent.  Claim 1, the sole 

independent claim, is illustrative. 

A method of reducing signs and symptoms in a patient 
with moderately to severely active rheumatoid arthritis, 
comprising: 

administering to said patient, in combination with 
methotrexate, a human anti-TNFα antibody, 

wherein the human anti-TNFα antibody is administered 
subcutaneously in a total body dose of 40 mg once every 13–15 
days, and  

wherein the anti-TNFα antibody comprises an IgG1 
heavy chain constant region; a variable light (“VL”) chain 
region comprising a CDR1 having the amino acid sequence of 
SEQ ID NO:7, a CDR2 having the amino acid sequence of SEQ 
ID NO:5, and a CDR3 having the amino acid sequence of SEQ 
ID NO:3; and a variable heavy (“VH”) chain region comprising 
a CDR1 having the amino acid sequence of SEQ ID NO:8, a 
CDR2 having the amino acid sequence of SEQ ID NO:6 and a 
CDR3 having the amino acid sequence of SEQ ID NO:4. 

Ex. 1001, 51:23–52:25. 

Claims 2–4 depend ultimately from claim 1.  Claim 2 specifies that 

“the VL chain region of the anti-TNFα antibody has the amino acid sequence 

of SEQ ID NO:1 and the VH chain region of the anti-TNFα antibody has the 

amino acid sequence of SEQ ID NO:2.”  Id. at 52:26–29.  Claim 3 specifies 

that the anti-TNFα antibody in the method of claim 1 “is administered from 

a 40 mg dosage unit form,” and claim 4 specifies that “the VL chain region 

of the anti-TNFα antibody has the amino acid sequence of SEQ ID NO:1 

and the VH chain region of the anti-TNFα antibody has the amino acid 

sequence of SEQ ID NO:2.”  Id. at 52:30–35.   
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II. DISCUSSION 

Petitioner bears the burden of proving unpatentability of the 

challenged claims, and that burden never shifts to Patent Owner.  Dynamic 

Drinkware, LLC v. Nat’l Graphics, Inc., 800 F.3d 1375, 1378 (Fed. Cir. 

2015).  To prevail, Petitioner must establish the facts supporting its 

challenge by a preponderance of the evidence.  35 U.S.C. § 316(e); 

37 C.F.R. § 42.1(d).  Below, we explain why Petitioner has met its burden 

with respect to claims 1–4.   

 Level of Ordinary Skill in the Art 
We begin our analysis by addressing the level of ordinary skill in the 

art as of June 8, 2001—the priority date of the ’135 patent, of which the ’680 

patent is a continuation.  Petitioner and Dr. Baughman explain that a skilled 

artisan would possess the skill sets of both a physician treating RA patients 

and a pharmacokineticist with experience in monoclonal antibodies.  Pet. 28; 

Ex. 1006 ¶ 15; Ex. 1007 ¶ 12, 13.  Dr. Baughman describes the ordinarily 

skilled physician as an M.D. with at least three years of experience treating 

RA patients, including with one or more anti-TNFα biologic agents.  

Ex. 1006 ¶ 15; see Pet. 28; Ex. 1007 ¶ 12 (Dr. O’Dell agreeing with Dr. 

Baughman’s definition of the skilled physician).  Dr. Baughman describes 

the ordinarily skilled pharmacokineticist as having a Ph.D. in 

pharmacokinetics or a related field, and at least three years of experience 

with the pharmacokinetics and pharmacodynamics of biologic agents, either 

in industry or academia.  Ex. 1006 ¶ 15; see Pet. 27.  Patent Owner’s experts 

Dr. Gibofsky and Dr. Vinks apply Petitioner’s and Dr. Baughman’s 

description of the ordinary artisan.  Ex. 2065 ¶¶ 53–54; Ex. 2069 ¶¶ 101–

103.  We adopt that description of the level of ordinary skill in the art, 
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because it is the description that both parties have applied in this proceeding 

and it is reflected by the prior art of record.          

 Claim Construction 
In an inter partes review, claim terms in an unexpired patent are 

interpreted according to their broadest reasonable construction in light of the 

specification of the patent in which they appear.  37 C.F.R. § 42.100(b); 

Cuozzo Speed Techs., LLC v. Lee, 136 S. Ct. 2131, 2144–46 (2016).  Under 

that standard, claim terms generally are given their ordinary and customary 

meaning, as would be understood by one of ordinary skill in the art in the 

context of the entire disclosure.  In re Translogic Tech., Inc., 504 F.3d 1249, 

1257 (Fed. Cir. 2007).  Only terms which are in controversy need to be 

construed and only to the extent necessary to resolve the controversy. See 

Wellman, Inc. v. Eastman Chem. Co., 642 F.3d 1355, 1361 (Fed. Cir. 2011); 

Vivid Techs., Inc. v. Am. Sci. & Eng’g, Inc., 200 F.3d 795, 803 (Fed. Cir. 

1999).  

We determine that only the following two claim terms require 

discussion for resolution of the controversy in this case. 

1. “method of reducing signs and symptoms in a patient with 
moderately to severely active rheumatoid arthritis” 

This claim term appears in the preamble of claim 1, the only 

independent claim.  Petitioner argues that “the broadest reasonable 

interpretation of the phrase ‘method of reducing signs and symptoms’ does 

not require a particular level of efficacy . . . [but] merely require[s] that the 

‘signs and symptoms’ the patient exhibits are reduced relative to their level 

prior to administration of the antibody plus methotrexate.”  Pet. 16.   

In its Preliminary Response, Patent Owner argued, on the one hand, 

that “[t]he plain and ordinary meaning of a ‘method of reducing signs and 
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symptoms’ is clear . . . [and] no construction is needed.”  Prelim. Resp. 19.  

On the other hand, however, Patent Owner argued that we “should reject 

Petitioner’s proposed interpretation of the preamble because it is inconsistent 

with the specification, which discloses that administration of [anti-TNFα 

antibody] and [methotrexate] produces a meaningful improvement in a 

variety of clinical outcome measures such as ACR20, ACR50,[3] and SWJ 

(swollen joint count).”  Id. (citing Ex. 1001, Figs. 1b, 2, 3, 30:23–26).   

In the Institution Decision, based on the then existing record, we 

determined that the preamble phrase “method of reducing signs and 

symptoms in a patient with moderately to severely active rheumatoid 

arthritis” is not limiting, except to the extent that it specifies the patient to 

whom the anti-TNFα is administered.  Inst. Dec. 6.  Petitioner does not 

dispute our preliminary determination regarding that phrase, but Patent 

Owner argues that “[a]s of June 2001, a treating physician who satisfied the 

definition of a [person of ordinary skill in the art] would have understood the 

claims to require meaningful therapeutic efficacy.”  PO Resp. 62 (citing 

Ex. 2065 ¶¶ 20, 92, 93).  Patent Owner again argues that we should “adopt a 

construction consistent with the specification, which discloses that 

administration of D2E7 and [methotrexate] produces a meaningful 

improvement in a variety of clinical outcome measures such as ACR20 and 

ACR50.”  PO Resp. 63 (citing Ex. 1001, Figs. 1B, 2, 3, 30:23–26). 

We have reassessed our initial determination in light of the arguments 

and evidence developed at trial, and maintain that initial determination, for 

the reasons discussed below. 

                                           
3 ACR20 and ACR50 refer to the American College of Rheumatology 
improvement criteria.  Ex. 1003, 2.    
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As we explained in the Institution Decision, “a preamble limits the 

invention if it recites essential structure or steps, or if it is ‘necessary to give 

life, meaning, and vitality’ to the claim.”  Catalina Mktg. Int’l, Inc. v. 

Coolsavings.com, Inc., 289 F.3d 801, 808 (Fed. Cir. 2002) (quoting Pitney 

Bowes, Inc. v. Hewlett-Packard Co., 182 F.3d 1298, 1305 (Fed. Cir. 1999)).  

On the other hand, “a preamble is not limiting ‘where a patentee defines a 

structurally complete invention in the claim body and uses the preamble only 

to state a purpose or intended use for the invention.’”  Id. (quoting Rowe v. 

Dror, 112 F.3d 473, 478 (Fed. Cir. 1997)).  

Here, the steps of the method, dosage amount, timing, route of 

administration, and active component are all specified in the body of the 

claim.  The phrase “reducing the signs and symptoms of rheumatoid 

arthritis,” therefore, merely recites an intended use.  See Boehringer 

Ingelheim Vetmedica, Inc. v. Schering-Plough Corp., 320 F.3d 1339, 1345 

(Fed. Cir. 2003) (statements of intended use typically do not limit the scope 

of a claim because they “usually do no more than define a context in which 

the invention operates”).  Stated another way, the claims do not expressly 

recite any particular level of efficacy, meaningful or otherwise.  Rather, the 

claims require administering the antibody in a particular dosage amount, by 

a particular route, at a particular interval—to a patient with moderately to 

severely active rheumatoid arthritis.  

The portions of the specification relied on by Patent Owner do not 

persuade us otherwise.  The specification of the ’680 patent explains that the 

data in Figures 1B and 2–4 “indicate that subcutaneous, biweekly D2E7 

treatment combined with methotrexate was significantly better than placebo 

in reducing the signs and symptoms of RA,” and that all of the doses “were 
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statistically significantly more effective than placebo.”  Ex. 1001, 30:23–27.  

A statement that the treatment is significantly better than placebo, however, 

does not necessarily mean that the treatment produces a “meaningful” 

improvement in a variety of clinical outcome measures—nor does it explain 

what a meaningful outcome would be.  In that regard, we note that the 

“outcome measures” Patent Owner directs us to in Figures 1B and 2–4 are 

not all the same.  Figure 1B depicts ACR20 and ACR50 responses, Figure 2 

depicts ACR20, ACR50, and ACR70 responses, Figures 3A and 3B depict 

tender joint count and swollen joint count, respectively, and Figure 4 depicts 

results from a health survey form (SF-36) indicative of overall health status 

as reported by patients.  Ex. 1001, 5:44–67.  Patent Owner’s proposed 

construction, which requires reducing “meaningfully” the signs and 

symptoms of RA is not tied to any particular “outcome measure” provided in 

Figures 1B and 2–4, and would have the effect of introducing ambiguity into 

the claims.  

Accordingly, we maintain our determination that the preamble phrase 

“method of reducing signs and symptoms in a patient with moderately to 

severely active rheumatoid arthritis” is not limiting, except to the extent that 

it specifies the patient to whom the anti-TNFα is administered. 

2. “40 mg dosage unit form” 

According to the ’680 patent, “dosage unit form” “refers to physically 

discrete units suited as unitary dosages for the mammalian subjects to be 

treated; each unit containing a predetermined quantity of active 

compound[.]”  Ex. 1001, 23:9–12.  Petitioner contends, “[b]ased upon this 

definition, a ‘40 mg dosage unit’ form would encompass a syringe filled 

with 40 mg of D2E7.”  Pet. 17.   
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“For the limited purpose of [its] preliminary response, Patent Owner 

[did] not contest this” (Prelim. Resp. 20), and does not address the term in its 

Patent Owner Response. 

We have reassessed our initial determination in light of the evidence 

developed at trial (Inst. Dec. 7), and maintain our determination that the 

broadest reasonable interpretation of “40 mg dosage unit form” encompasses 

a syringe filled with 40 mg of D2E7. 

 Obviousness of Claims 1–4 over van de Putte and Kempeni 
 Petitioner argues that the combination of van de Putte and Kempeni 

would have rendered obvious the subject matter of claims 1–4.  Pet. 32–44.  

The thrust of Patent Owner’s position is that one of ordinary skill in the art 

would not have been motivated to develop a 40 mg, subcutaneous, every 

other week dosage regimen to treat RA and would not have reasonably 

expected success in achieving treatment of RA with that dosage regimen 

given the collective teachings of the art.  PO Resp. 20–64.  Based on our 

review of the arguments and evidence of record, we determine that 

Petitioner demonstrates, by a preponderance of the evidence, that the subject 

matter of claims 1–4 would have been obvious over the combination of van 

de Putte and Kempeni, as explained below.      

 Kempeni (Ex. 1003) 
Kempeni teaches that D2E7 is a fully human anti-TNFα monoclonal 

antibody that “may have advantages in minimising antigenicity in humans” 

compared to other biologic TNF antagonists that are not fully human or 

artificially fused human sequences.  Ex. 1003, 1.  Kempeni further describes 

the results of several clinical studies investigating the use of D2E7 to treat 

RA patients.  Id. at 1–3.   
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During the clinical trials, efficacy generally was assessed using, inter 

alia, the ACR20 criteria.  Id. at 1–2.  To be classified as a responder 

according to ACR20 criteria, a patient must demonstrate:  (1) greater than or 

equal to 20% improvement in swollen joint count (“SWJC”), (2) greater than 

or equal to 20% improvement in tender joint count (“TJC”), and (3) at least 

20% improvement in three of five other measures, including patient global 

assessment of disease activity, physician global assessment of disease 

activity, patient assessment of pain, an acute phase reactant (e.g., C reactive 

protein (“CRP”)), and a measure of disability.  Id. at 2. 

In the first described study, each patient received a single dose of 

D2E7 (from 0.5 to 10 mg/kg)4 or placebo by intravenous injection.  Id.  

Patients were evaluated for four weeks to determine the pharmacokinetics of 

D2E7, and to evaluate the safety and efficacy of the antibody in terms of 

onset, duration, and magnitude of response.  Id. 

Kempeni describes the results of the study as “encouraging,” noting 

that the “therapeutic effects became evident within 24 hours to one week 

after D2E7 administration and reached the maximum effect after 1–2 weeks, 

with dose response reaching a plateau at 1 mg/kg D2E7.”  Id.  

Pharmacokinetic (“PK”) parameters were calculated for patients from all 

dose groups and the estimated mean terminal half-life of D2E7 was 

determined to be 11.6 to 13.7 days.  Id. 

Patients who continued in the study were given a second blinded dose 

that was identical to the first and, subsequently, given active drug every two 

                                           
4 The 0.5 to 10 mg/kg refers to the amount of D2E7 that patients received 
per kilogram of body weight. 
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weeks until a “good” DAS (Disease Activity Score)5 response was achieved.  

Id.  Patients who did not respond well after 0.5 or 1 mg/kg dosing, however, 

received higher doses of up to 3 mg/kg.  Id.  Kempeni discloses that 86% of 

patients continued to receive treatment with D2E7 after six months, 

“indicating that long term intravenous treatment with D2E7 in the dose 

range from 0.5 to 10 mg/kg was well tolerated.”  Id.   

In a second study that evaluated the safety and efficacy of weekly 

subcutaneous 0.5 mg/kg weight-based administration of D2E7, patients were 

given either D2E7 or placebo weekly for a period of three months.  Id. at 2–

3.  The dose was increased to 1 mg/kg subcutaneously weekly for non-

responders or patients losing responder status.  Id. at 3. 

According to the preliminary data, “plasma concentrations of D2E7 

after multiple subcutaneous doses were comparable to those achieved with 

intravenous administration.”  Id.  Further, up to 78% of patients achieved an 

ACR20 response after three months of treatment, leading to the conclusion 

that “D2E7 given subcutaneously was safe and as effective as when 

administered intravenously demonstrating that subcutaneous self 

administration is a promising approach for D2E7 delivery.”  Id. 

In a third clinical study that evaluated the safety of 1 mg/kg single 

subcutaneous or intravenous injections of D2E7—in some cases in 

combination with the anti-rheumatic drug methotrexate—it was determined 

that the safety profile of single dose D2E7 administration was “comparable 

to that of placebo.”  Id. 

                                           
5 The DAS is a composite score of tender joints, swollen joints, erythrocyte 
sedimentation rate, and a patient’s disease activity assessment as measured 
on a visual analogue scale.  Id. at 2. 
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According to Kempeni, the data from these studies collectively 

suggest that D2E7 “is safe and effective as monotherapy or in combination 

with methotrexate when administered by single and multiple intravenous and 

subcutaneous injections” and “[a]dditional studies are underway to further 

define optimal use of this novel treatment.”  Id. 

 van de Putte (Ex. 1004) 
van de Putte describes the results of a dose-finding phase II study that 

compared three dose levels of D2E7 and placebo over three months in 

patients with long-standing active RA.  Ex. 1004, 1.  In the study, patients 

received “weekly [fixed] doses of either D2E7 at 20, 40, [or] 80 mg or 

placebo by subcutaneous (s.c.) self injection for 3 months.”  Id.  van de Putte 

reports the percentage of patients receiving an ACR20 response, as well as 

the median percent improvement in TJC, SWJC, and CRP for each of the 

dosing regimens and placebo.   

The results of the study described in van de Putte are set forth in the 

table reproduced below. 

 
Ex. 1004, 1.  The table above shows the results of the clinical study 

described in van de Putte.  Based on the results, van de Putte concludes that 

“[f]or all efficacy parameters studied, all doses of D2E7 were statistically 

significantly superior to placebo (p < 0.001)” and that “20, 40, and 80 
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mg/week were nearly equally efficacious when given [subcutaneously] in 

patients with active RA.”  Id.  

 Analysis 
A patent claim is unpatentable under 35 U.S.C. § 103(a) if the 

differences between the subject matter sought to be patented and the prior art 

are such that the subject matter as a whole would have been obvious to a 

person of ordinary skill in the art at the time the invention was made.  KSR 

Int’l Co. v. Teleflex Inc., 550 U.S. 398, 406 (2007).  Obviousness is resolved 

based on underlying factual determinations, including: (1) the scope and 

content of the prior art; (2) any differences between the claimed subject 

matter and the prior art; (3) the level of ordinary skill in the art; and 

(4) objective evidence of nonobviousness, i.e., secondary considerations.  

See Graham v. John Deere Co., 383 U.S. 1, 17–18 (1966).  

a. The prior art discloses or suggests each and every element 
of the challenged claims 

Petitioner asserts that the combined teachings of van de Putte and 

Kempeni disclose or suggest each element of the challenged claims.  

Pet. 40–42 (claim chart mapping the language of the claims to the 

disclosures of van de Putte and Kempeni).  In particular, Petitioner argues 

that the only difference between the disclosure of van de Putte and the 

challenged claims is that van de Putte describes: “dosing 40 mg of D2E7 

weekly, rather than every 13-15 days (i.e. biweekly), as recited in the 

claims,” and also fails to describe “administering D2E7 in combination with 

methotrexate.”  Id. at 27.  Petitioner asserts that Kempeni accounts for those 

differences.  Id.  Specifically, Petitioner points to Kempeni’s teachings that:  

(1) D2E7 has an estimated mean terminal half-life of 11.6–13.7 days; 

(2) D2E7 was administered in biweekly intravenous infusions; (3) “plasma 
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concentrations of D2E7 after multiple subcutaneous doses were comparable 

to those achieved with intravenous administration”; and (4) D2E7 was 

administered with methotrexate.”  Id.  Petitioner also directs us to 

Kempeni’s disclosure of biweekly intravenous dosing of 0.5 mg/kg of D2E7, 

which neither party disputes is roughly equivalent to the 40 mg fixed 

subcutaneous dose (in an 80 kg patient).  Id. at 28; Tr. 46:6–21 (counsel for 

Patent Owner explaining that Patent Owner does not dispute, as a best case, 

Petitioner’s contention that the 0.5 mg/kg intravenous dose is roughly 

equivalent to the 40 mg subcutaneous dose); Ex. 1055, 159:4–160:1.   

Patent Owner does not challenge Petitioner’s showing that the prior 

art discloses each element of claims 1–4.  See generally PO Resp.  Based on 

the full trial record, we determine that van de Putte and Kempeni 

collectively disclose each limitation of the challenged claims.  That is, we 

agree with Petitioner that van de Putte discloses all of the elements of claims 

1–4, with the exceptions of biweekly dosing, and administering the antibody 

in combination with methotrexate.  As explained above, van de Putte 

discloses a study in which RA patients received weekly doses of 20, 40, or 

80 mg of D2E7, or placebo, via subcutaneous self-administration over the 

course of three months.  Ex. 1004, 1.  D2E7, therefore, was administered in 

a pharmaceutically acceptable composition, in unit dosage form.  Id.  

Further, D2E7 is a known recombinant human anti-TNFα antibody having 

the six CDRs and heavy chain constant region required by claims 1–4, and 

the amino acid sequences for the variable light and variable heavy chain 

regions required by claims 2 and 4.  Ex. 1001, 3:40–42 (explaining that 

D2E7 is “described in U.S. Pat. No. 6,090,382, incorporated in its entirety 

herein by reference”); see Ex. 1008, 2:59–67.   
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Petitioner also shows, by a preponderance of the evidence, that 

Kempeni accounts for the differences between van de Putte and the recited 

biweekly dosing frequency required by all of the challenged claims, as well 

as administering the antibody with methotrexate.  Specifically, Kempeni 

describes a study in which patients received D2E7 via intravenous injection 

every two weeks for at least 6 months (i.e., 24 weeks), and also teaches that 

“D2E7 is safe and effective . . . in combination with methotrexate when 

administered by single and multiple intravenous and subcutaneous 

injections.”  Ex. 1003, 2, 3.   

b. Motivation to dose 40 mg every 13–15 days subcutaneously 
and reasonable expectation of success in treating RA   

Even “[i]f all elements of the claims are found in a combination of 

prior art references,” “the factfinder should further consider whether a 

person of ordinary skill in the art would [have been] motivated to combine 

those references, and whether in making that combination, a person of 

ordinary skill would have [had] a reasonable expectation of success.”  Merck 

& Cie v. Gnosis S.p.A., 808 F.3d 829, 833 (Fed. Cir. 2015).  The “motivation 

to combine” and “reasonable expectation of success” factors are subsidiary 

requirements for obviousness subsumed within the Graham factors.  Pfizer, 

Inc. v. Apotex, Inc., 480 F.3d 1348, 1361 (Fed. Cir. 2007). 

Petitioner asserts that a person of ordinary skill would have been led 

from the disclosures of van de Putte and Kempeni to administer 40 mg of 

D2E7 subcutaneously every 13–15 days, in combination with methotrexate, 

as recited in claims 1–4 of the ’680 patent, and would have expected such a 

dose to be safe and effective in treating RA.  Pet. 2, 32–39 (citing Ex. 1006 

¶¶ 48, 51–53, 56–58, 63–73; Ex. 1007 ¶¶ 25–33, 43).  Patent Owner contests 

whether the ordinarily skilled artisan would have had a reason to select the 
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claimed dosing regimen, and also contests whether one of ordinary skill 

would have expected success in treating RA using that regimen.  See, e.g., 

Tr. 42:5–6; PO Resp. 22 (alleging no reasonable expectation of success).  

We address the parties’ arguments and evidence on those issues below. 

(1) Fixed, subcutaneous dosing 
With respect to type of dose and administration, Petitioner asserts that 

van de Putte’s dosing regimen reflects the well-known advantages of 

subcutaneous administration over other forms of administration (e.g., 

intravenous dosing), and fixed dosing over weight-based dosing.  Pet. 33–34 

(citing Ex. 1022, 1546; Ex. 1006 ¶¶ 51–53; Ex. 1008, 22:65–23:1).    

Patent Owner does not challenge Petitioner’s showings in this regard, 

see generally PO Resp., and we agree with Petitioner that the record 

establishes by a preponderance of the evidence that the ordinarily skilled 

artisan would have had a reason to select subcutaneous, fixed dosing and a 

reasonable expectation of success in achieving a subcutaneous fixed dose.  

For example, Petitioner points to evidence that subcutaneous dosing would 

have been more convenient and less expensive for patients because they can 

self-administer the dose in a short amount of time.  Pet. 33; Ex. 1006 ¶ 51; 

Ex. 1022, 9 (stating that “[i]n general, subcutaneous administration is more 

desirable for doctors and patients than intravenous administration” because 

subcutaneous administration “can be accomplished in minutes” and “can be 

performed practically anywhere without catheterization” (i.e., it does not 

require hospital visits like intravenous administration does)).  And 

Dr. Baughman testifies that fixed dosing would have been easier and less 

costly for patients: fixed dosing “requires no patient action beyond 

injection,” whereas body weight dosing requires the patient to prepare each 
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injection before administration.  Ex. 1006 ¶ 52; see also Ex. 1008, 22:65–

23:1 (“[I]t is especially advantageous to formulate parenteral compositions 

in dosage unit form for ease of administration and uniformity of dosage.”).  

Dr. Baughman also points to the fixed dose, subcutaneous administration 

that had been approved for the anti-TNFα antibody ENBREL® in 1998.  

Ex. 1006 ¶ 53.  Finally, we note that patients in the clinical study described 

in van de Putte were receiving subcutaneous fixed doses, and Kempeni 

explained that “subcutaneous self administration is a promising approach for 

D2E7 delivery.”  Ex. 1003, 3; Ex. 1004, 1; see Ex. 1006 ¶¶ 54–55.   

(2) Biweekly administration of a 40 mg dose  
With respect to dose selection and dosing interval, Petitioner presents 

several arguments why a skilled artisan would have had a reason to modify 

the van de Putte dosing regimen to administer 40 mg doses on a biweekly 

schedule and expect success in treating RA with that regimen.  Those 

arguments fit into two categories based on Kempeni’s disclosures: the first 

based upon the 11.6 to 13.7 day half-life of D2E7, and the second based 

upon administration of 0.5 mg/kg of D2E7 biweekly.  See Pet. 35–38.  As 

explained below, we are not persuaded by Petitioner’s first argument, but are 

persuaded by the second argument.       

(i) Dose selection and interval based on half-life 
Petitioner asserts that a skilled artisan “would have been motivated to 

modify [the] van de Putte . . . dosing protocol to administer subcutaneous 

doses biweekly, rather than weekly” based upon the 11.6 to 13.7 day half-

life of D2E7 that Kempeni reports.  Pet. 35.  In particular, Petitioner 

contends that, based on the half-life of D2E7, the person of ordinary skill 

would have stretched van de Putte’s 20 mg weekly dosing to 40 mg 
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biweekly dosing and would have expected success in treating RA.  Reply 10.  

Petitioner relies primarily on Dr. Baughman’s testimony that 

pharmacokineticists frequently use half-life “to develop the appropriate 

dosing frequency.”  Ex. 1006 ¶ 66; Pet. 35.   According to Dr. Baughman, 

the half-life reported in Kempeni would have suggested dosing less 

frequently than once a week because “administration of one subcutaneous 

dose of 40 mg D2E7 [biweekly] would still be enough to treat RA, as [the 

amount circulating in the blood] would be equal to or greater than that 

reached with the 20 mg weekly dose, which was shown to be efficacious by 

the ACR 20 data in van de Putte.”  Ex. 1006 ¶ 68.  Dr. Baughman illustrates 

that concept in a table that approximates the amount of D2E7 circulating in 

the blood over a two-week period based on the half-life of D2E7 and the 

doses studied in van de Putte.  Id. ¶ 67.  Dr. Baughman’s half-life table is 

reproduced below. 

   
Dr. Baughman’s table shows calculations of the approximate amount of 

20 mg, 40 mg, and 80 mg from the van de Putte study that she asserts would 

be circulating in the body one week and two weeks after subcutaneous 

injection.  Ex. 1006 ¶ 67.    

Likewise, Petitioner relies on Dr. Baughman’s half-life analysis in 

arguing that that the “logical dosage choice for treating RA with 
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subcutaneous biweekly injections of D2E7 would have been 40 mg.”  

Pet. 37.  According to Petitioner, “a central principle of drug development is 

the desirability of administering the lowest effective drug dose.”  Id. (citing 

Ex. 1006 ¶ 69 (“The goal is to treat the patient with as little drug as possible 

in order to reduce potential side effects, while at the same time attaining a 

therapeutic response.”)).  In that regard, Petitioner contends, and 

Dr. Baughman testifies, that, based on van de Putte’s clinical data and the 

roughly reported half-life of D2E7, a person of ordinary skill in the art 

“would have recognized that 40 mg biweekly represented the lowest 

effective dosage.”  Pet. 37; Ex. 1006 ¶ 69.  As noted above, Dr. Baughman 

testifies that the amount of D2E7 circulating in the second week after 

administration of one subcutaneous dose of 40 mg D2E7 would still be 

enough to treat RA because it would be equivalent to or greater than the 

amount reached with the 20 mg weekly dose, which van de Putte found to be 

efficacious.  Ex. 1006 ¶ 68.  Similarly, Dr. Baughman testifies that the 

ordinary artisan would have expected success in treating RA with the 40 mg 

biweekly dose because, “at the end of the second week after dosing 40 mg, 

the Cmin
[6] would be greater than or similar to the Cmin at the end of the first 

week after dosing 20 mg.”  Ex. 1006 ¶ 71.      

Patent Owner responds that Petitioner’s and Dr. Baughman’s analysis 

based on half-life is flawed because knowledge of the half-life alone does 

not provide sufficient information to develop a dosing regimen.  PO Resp. 

45–48.  In particular, Patent Owner contends that terminal half-life (what 

Kempeni discloses) does not impart information about:  (1) drug 

                                           
6 Cmin is lowest blood level observed between doses.  Ex. 1006 ¶ 62. 
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concentrations in the blood or at the site of action, or how those 

concentrations correlate to safety and efficacy; (2) how long the drug 

remains in the body; or (3) how long the drug lasts at the site of action, all of 

which would have been important in developing a safe and efficacious 

dosing regimen.  Id. at 47.  Patent Owner further asserts that the ordinary 

artisan would have taken factors such as Cmin, Cmax, and AUC (area under the 

curve)7 into account when designing a dosing regimen, which Dr. Baughman 

did not do.  Id. at 45–49 (citing Ex. 2069 ¶¶ 107–113, 116–118).  

Additionally, Patent Owner notes that several FDA-approved monoclonal 

antibodies in the prior art were dosed more or less frequently than their 

terminal half-lives.  Id. at 48; Ex. 2069 ¶¶ 112–113.       

One question before us then, is whether a person of ordinary skill in 

the art would have had a reason to modify van de Putte’s 20 mg weekly dose 

to a 40 mg biweekly dose based on the known half-life of D2E7.  As with 

other factual questions, Petitioner bears the burden of proving that the 

skilled artisan would have been motivated to make such a modification.  In 

re Magnum Oil Tools Int’l, 829 F.3d 1364, 1375 (Fed. Cir. 2016) (burden-

shifting “does not apply in the adjudicatory context of an IPR”).   

After reviewing the entire record developed during trial, we find that 

Petitioner does not carry its burden to show that a person of ordinary skill in 

the art would have been so motivated.  As explained above, Petitioner 

asserts in the Petition that the ordinary artisan would have doubled van de 

Putte’s 20 mg dose to 40 mg and weekly dosing interval to biweekly based 

                                           
7 Cmax is the highest blood level observed between doses and AUC is the 
total area under the concentration time curve that reflects the total amount of 
drug observed in the blood.  Ex. 1006 ¶ 62; Ex. 2069 ¶ 35.  
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on the single PK parameter of the antibody’s half-life.  In support of that 

assertion, Dr. Baughman testifies that “half-lives are routinely used to 

develop the appropriate dosing frequency.”  Ex. 1006 ¶ 66.  Dr. Baughman’s 

testimony in that regard may be valid, but the record in this case does not 

include sufficient evidence from which we can make that determination.  

That is, neither Petitioner nor Dr. Baughman direct us to a drug with a 

dosing interval that corresponds to its half-life (i.e., a single half-life), or to 

other evidence supporting the assertion that skilled artisans routinely use 

half-lives to develop a dosing schedule.  Accordingly, Dr. Baughman’s 

testimony on those issues is entitled to little or no weight.  37 C.F.R. § 

42.65(a).   

Moreover, we note that Patent Owner identifies several prior art 

therapeutic antibodies that were not dosed at a frequency equal to a single 

half-life, including: (1) REMICADE®, which is dosed only once every 3–6 

half-lives; (2) RITUXAN®, which is dosed once every 2.8 half-lives; 

(3) MYLOTARG®, which is dosed once every 5 half-lives; and 

(4) ZENAPAX®, which is dosed once every 0.6 half-lives.  PO Resp. 48 

(citing Ex. 1012, 2, 12; Ex. 2007, 1–2; Ex. 2010, 1–2; Ex. 2013 3, 17; 

Ex. 2072, 96:22–9:73, 140:24–141:5); Ex. 2069 ¶ 112.  Petitioner does not 

dispute that evidence, but replies that it does not suggest that “half-life has 

no bearing on dosing regimen.”  Reply 10.  We agree.  Petitioner, however, 

does not point to sufficient evidence from which we can conclude that 

dosing frequency would have been selected based on half-life alone, as 

asserted in the Petition. 

Petitioner’s arguments in the Reply appear to be a shift from the 

position taken in the Petition.  For example, in the Petition, Petitioner argued 
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that that the skilled artisan would have been motivated to develop the 

appropriate dosing regimen for D2E7 based on half-life alone.  Pet. 35 

(contending that, “[b]ased upon the . . . half-life of D2E7 reported in 

Kempeni,” a skilled artisan would have been motivated to modify van de 

Putte’s dosing protocol to administer subcutaneous doses biweekly, rather 

than weekly), id. (basing dose selection on the half-life data disclosed in 

Kempeni).  In the Reply, Petitioner contends that before June 2001, skilled 

artisans “routinely relied on half-life as a factor when designing a dosing 

regimen.”  Reply 8 (emphasis added).  Such a shift in position, however, “is 

foreclosed by the statute, [Federal Circuit] precedent, and Board guidelines.”  

Wasica Fin. GmbH v. Cont’l Auto. Sys., Inc., 853 F.3d 1272, 1286–87 (Fed. 

Cir. 2017). 

Moreover, Patent Owner argues persuasively that half-life is not the 

only factor the skilled artisan would have considered in modeling a dosing 

regimen.  See PO Resp. 45–49; Ex. 2069 ¶¶ 114–117.  Petitioner appears to 

admit as much, explaining in the Reply that Dr. Vinks “agreed that for some 

drugs Cmax and AUC can be important parameters.”  Reply 11.  And Dr. 

Baughman notes that those parameters, as well as Cmin—which Dr. 

Baughman posits “might be the best parameter to indicate threshold of 

efficacy”—would have been important to a skilled artisan in modeling a 

dosing regimen.  Ex. 1006 ¶ 62.  Dr. Baughman discounts those factors 

because they “were not reported as being indicative of safety or efficacy as 

of the June 2001 filing date of the ’680 patent.”  Ex. 1006 ¶ 62.  

Dr. Baughman, however, does not explain adequately why the skilled artisan 

would have disregarded those parameters that she, and others, considered 

important, or why the absence of those factors from the disclosures of 
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Kempeni and van de Putte suggests that half-life would have provided 

enough information to model a dosing regimen.  In our view, Dr. Baughman 

takes an overly simplistic approach to modeling a dosing regimen without 

explaining adequately, and with supporting evidence, why the ordinary 

artisan would have used such an approach.8  Accordingly, we are not 

persuaded Petitioner demonstrates, by a preponderance of the evidence, that 

the person of ordinary skill in the art would have been motivated to choose 

the claimed dosing regimen based on half-life. 

(ii) Dose selection and interval based on Kempeni’s biweekly 
dosing protocol 

Petitioner also argues that the skilled artisan would have been 

motivated to dose 40 mg of D2E7 biweekly and would have expected such a 

dose to be safe and effective based on the clinical study Kempeni describes 

(i.e., the DE003 study) in which patients received intravenous biweekly 

doses of D2E7.  Pet. 28, 36 (citing Ex. 1003, 2).  In that regard, Petitioner 

argues that the 0.5 mg/kg intravenous dose administered in that study is 

equivalent to a 40 mg subcutaneous dose.  Pet. 28 (Table).  Petitioner further 

asserts Kempeni discloses that persons of ordinary skill not only tried 

biweekly dosing of D2E7, but also “demonstrated that it was a viable 

treatment protocol.”  Pet. 36 (citing Ex. 1006 ¶ 72).   

                                           
8 Patent Owner provides additional criticisms of Dr. Baughman’s half-life 
analysis.  For example, Patent Owner asserts that Dr. Baughman analyzed 
the wrong time interval by focusing on drug levels after a single 
administration instead of looking at the drug levels after multiple doses.  
PO Resp. 2–3; see id. at 21–27 (setting forth further arguments why 
Dr. Baughman’s half-life analysis is flawed).  We need not address those 
additional criticisms, however, because we already determine that 
Dr. Baughman’s half-life analysis is entitled to little or no weight.  
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Patent Owner responds that Petitioner’s argument is based on a 

misreading of Kempeni and the DE003 study.  Specifically, Patent Owner 

asserts that Kempeni’s “bare bones description of the ‘biweekly’ phase . . . 

fails to disclose” subcutaneous dosing, a 40 mg dose, fixed-weight dosing, 

or a biweekly dosing regimen sustained over a defined period of time.  

PO Resp. 50.  We do not agree.  Dr. Vinks testifies that a 0.5 mg/kg dose is 

equivalent to a 40 mg fixed dose for an 80 kg (i.e., average) patient.  Ex. 

1055, 159:4–160:1.  And counsel for Patent Owner clarifies that there is no 

dispute that the 0.5 mg/kg intravenous dose is equivalent to the 40 mg 

subcutaneous dose.9  Tr. 46:6–21.  Thus, contrary to Patent Owner’s 

argument, Kempeni expressly discloses a dose that is equivalent to the 

recited subcutaneous 40 mg dose.  Kempeni also teaches biweekly 

administration.  Ex. 1003, 2 (“D2E7 was administered every two weeks” in 

the dose range from 0.5 to 10 mg/kg).  Accordingly, Kempeni explicitly 

provides a motivation for converting van de Putte’s weekly dosing regimen 

into a biweekly dosing regimen.  Kempeni also suggests that the person of 

ordinary skill would have expected success in treating RA with such a 

dosing regimen.  That is, Kempeni concludes that long-term treatment with 

D2E7 in the dose range from 0.5 to 10 mg/kg “was well tolerated.”  Id.  

Additional record evidence confirms that reasonable expectation of success.  

                                           
9 Counsel for Patent Owner states that such equivalency “would have been a 
best case.”  Tr. 46:11–12.  That is, Patent Owner agrees that the two doses 
are equivalent, but contends that if the 0.5 mg/kg dose is insufficient to treat 
RA, the 40 mg subcutaneous dose also is insufficient, given the lower 
bioavailability of a drug after subcutaneous administration.  Tr. 46:16–21.  
We address that contention below in discussing Patent Owner’s argument 
that Kempeni, and the prior art as a whole, teach away from the 0.5 mg/kg 
dose.  See infra §§ II.C.3.b.(2)(ii)–(2)(iii).  
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Ex. 2114, 8 (D2E7 “can be administered every two weeks as an intravenous 

injection . . . or subcutaneously.  D2E7 is well tolerated and must be called a 

therapeutic step forward.”).           

Patent Owner points to Kempeni’s disclosure that treatment was 

discontinued during the biweekly phase of the DE003 study “once a 

response was rated as ‘good’ and patients were retreated ‘only upon disease 

flare up.’”  PO Resp. 50 (citing Ex. 1003, 2).  Thus, Patent Owner contends 

that the focus on personalized doses and schedules in the DE003 study 

would have taught away from the fixed dosing regimen of the claims.  Id.  

We do not agree.  A reference teaches away from the claimed 

invention if it criticizes, discredits, or would have discouraged a person of 

ordinary skill in the art from “following the path set out in the reference,” or 

if a person of ordinary skill “would [have been] led in a direction divergent 

from the path that was taken by the applicant.”  In re Gurley, 27 F.3d 551, 

553 (Fed. Cir. 1994); see In re Fulton, 391 F.3d 1195, 1201 (Fed. Cir. 2004).  

The mere disclosure of alternative designs, however, does not teach away.  

In re Mouttet, 686 F.3d 1322, 1333–34 (Fed. Cir. 2012).   

Kempeni discloses several clinical studies that utilized different 

dosing protocols.  DE003 was one of those clinical studies.  In the DE003 

study, patients received 0.5 to 10 mg/kg of D2E7 intravenously “every two 

weeks” until DAS (Disease Activity Score) responses could be rated as 

“good.”  Ex. 1003, 2 (emphasis added).  Thus, far from criticizing, 

discrediting, or discouraging the person of ordinary skill from pursuing a 

biweekly regimen, as explained above, Kempeni expressly discloses such 
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dosing frequency.10  We agree with Patent Owner that, for some portion of 

the treatment period, patients were treated “only upon disease flare up.”  Id.; 

see PO Resp. 50.  That disclosure, however, does not negate Kempeni’s 

teaching of biweekly dosing.  Nor does it teach away from biweekly dosing.  

Rather, we find that such disclosure represents, at most, an alternative 

dosing schedule to the biweekly dosing Kempeni discloses.  In any event, 

we note that persons of ordinary skill were not led in a direction divergent 

from that taken by Patent Owner.  To the contrary, evidence in the record 

demonstrates that skilled artisans conducted studies dosing D2E7 

subcutaneously in fixed doses, and dosing D2E7 on a biweekly schedule.  

Ex. 1004, 1 (disclosing that D2E7 was administered subcutaneously in fixed 

doses of 20, 40, and 80 mg); Ex. 1005, 3 (describing the DE010 study, in 

which patients initially were treated with 1 mg/kg D2E7 intravenously, 

1 mg/kg D2E7 subcutaneously, or placebo, but thereafter received 

subcutaneous injections of 1 mg/kg D2E7 biweekly in the open label portion 

of the study).            

Second, Patent Owner argues that even if the 0.5 mg/kg intravenous 

dose disclosed in Kempeni is equivalent to a 40 mg subcutaneous dose, the 

0.5 mg/kg dose “would have delivered substantially more drug” to the 

patient than a 40 mg subcutaneous dose because “only a fraction of the 

subcutaneous dose is absorbed in the blood stream.”  PO Resp. 50–51 (citing 

Ex. 2069 ¶ 34).  On that point, Dr. Vinks testifies that the bioavailability 

                                           
10 Additional prior art references support our finding regarding Kempeni’s 
disclosure.  For example, one reference describes the DE003 study as a 
clinical trial in which “D2E7 was given in doses of 0.5–10 mg/kg 
[intravenously] over 3–5 minutes every two weeks over a time period of 
now 1½ years.”  Ex. 2114, 4.   
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(i.e., amount of drug that reaches the systemic circulation relative to an 

intravenous administration) of a drug administered subcutaneously “is 

almost always lower than for the same drug administered intravenously.”  

Ex. 2069 ¶ 34.  

We agree with Patent Owner that a drug administered subcutaneously 

can be less bioavailable than a drug administered intravenously.  See 

Ex. 2018, 8–9 (explaining that the absolute bioavailability of proteins after 

subcutaneous administration “is generally variable and incomplete relative 

to an [intravenous] dose with values ranging from about 20% up to 100%”). 

Nevertheless, Kempeni discloses that plasma concentrations of D2E7 after 

multiple subcutaneous doses are “comparable to those achieved with 

intravenous administration,” and that D2E7 administered subcutaneously is 

“as effective as when administered intravenously.”  Ex. 1003, 3.  Given 

those teachings, we are not persuaded that the difference in bioavailability 

between an intravenous and subcutaneous dose would have counseled 

against administering a subcutaneous 40 mg dose of D2E7 biweekly.     

Third, Patent Owner argues that the skilled artisan would not have 

understood the 0.5 mg/kg dose in the biweekly study that Kempeni discloses 

to suggest that a 40 mg biweekly regimen would have been effective to treat 

RA.  PO Resp. 51.  Specifically, Patent Owner contends that patients were 

up-dosed due to inadequate response in all trials that evaluated the 0.5 mg/kg 

dose.  Id. (citing Ex. 1003, 2–3; Ex. 1023); see also id. at 12, 37 (“up-dosing 

occurred even in trials involving intravenous administration”).  Patent 

Owner further asserts that at least one prior art reference (i.e., Rau 2000) 

emphasized that D2E7 doses greater than 1 mg/kg resulted in “long-lasting 

reduction of disease activity.”  Id. at 37, 51 (citing Ex. 2114, 4).  According 
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to Patent Owner, Kempeni, and the prior art as a whole, taught away from 

administering low doses (i.e., 0.5 mg/kg or 1 mg/kg) across all patients.  Id. 

at 39, 51.         

Petitioner replies that up-dosing of the 0.5 mg/kg dose did not show 

that the dose was insufficient to treat RA.  See Reply 15–16.11  On that point, 

Petitioner asserts that Kempeni and Rau 2000 “both teach that the 0.5 mg/kg 

bi-weekly dose was ‘sufficient’ and reduced the signs and symptoms of RA 

in patients,” even if it resulted in only a moderate response.  Id. at 19.  After 

having considered the arguments and evidence before us, we agree with 

Petitioner that the up-dosing reported in Kempeni and Rau 2000 would not 

have dissuaded a person of ordinary skill from pursuing 40 mg biweekly 

dosing.   

                                           
11 In a conference call with the Board, Patent Owner objected to the section 
of Petitioner’s Reply that addresses up-dosing, and several exhibits cited in 
that section, as outside of the proper scope of a reply.  See Paper 44, 2.  In 
denying Patent Owner’s request to strike or supplement the record, we 
explained that we would determine whether the material, or any portion of 
the material, exceeds the proper scope of a reply when preparing the final 
written decision.  Id. at 4.  We have reviewed the material in light of Patent 
Owner’s objections and determine that Petitioner’s arguments are within the 
proper scope of a reply because they directly respond to Patent Owner’s 
assertions that reports of up-dosing would have taught away from the 
claimed invention.  We do not consider Petitioner’s citations to statements 
from the declaration of Dr. Kupper from the patent prosecution history (i.e., 
Ex. 2003 ¶ 13) in determining whether reports of up-dosing would have 
taught away from the claimed invention, however, because Petitioner does 
not establish that those statements describe information that was publicly 
available as of the June 2001 priority date of the ’680 patent.  We further 
note that Patent Owner spent time at the oral argument discussing up-dosing 
and the conclusion that one of ordinary skill would have drawn from the 
reported up-dosing and Rau 2000.  See, e.g., Tr. 49:6–50:2, 50:20–51:12.         

Appx74

Case: 17-2304      Document: 36     Page: 140     Filed: 12/13/2017



IPR2016-00188 
Patent 9,017,680 B2 
 

30 
 

Like Kempeni, Rau 2000 describes the DE001/DE003 clinical study 

and results of that study.  Ex. 2114, 5–7, Figs. 2–5.  Rau 2000 discloses that, 

in DE001, patients received an initial dose of 0.5 mg/kg, 1 mg/kg, 3 mg/kg, 

5 mg/kg, 10 mg/kg of D2E7, or placebo intravenously.  Ex. 2114, 5.  

Patients then entered the open label phase of the study, DE003, and received 

a second injection four weeks after the first injection.  Id.; see Ex. 1003, 2 

(Kempeni describing the transition from DE001 to DE003).  Patients were 

subsequently administered injections when disease activity increased, at a 

minimum interval of two weeks.  Ex. 2114, 5.  As counsel for Patent Owner 

notes, Rau 2000 reports that “after the lower doses (0.5 or 1 mg per kg of 

body weight), the number of swollen joints gradually increased again.”  Id. 

at 6, Fig. 2; see Tr. 48:21–49:5.  Rau 2000 also reports that there was a 

worsening in ESR (erythrocyte sedimentation rate) after one week in the 

0.5 mg/kg group.  Id. at 6.  Patent Owner relies on these statements in Rau 

2000 as support for its argument that the 0.5 mg/kg dose was ineffective.  

PO Resp. 37, 51.   

We do not find that Rau 2000 indicates that the 0.5 mg/kg dose was 

“inadequate,” as Patent Owner argues.  For example, Rau 2000’s description 

of the patients’ swollen joints notes improvement after administration of all 

doses and Figure 2 shows a decrease in the number of swollen joints from 

week 0 (i.e., the beginning of the study) to week 2.  Ex. 2114, 6, Fig. 2; Ex. 

2218, 6, Fig. 2 (high resolution version of Rau 2000 that depicts the figures 

with better clarity).  We acknowledge that Rau 2000 discloses an increase in 

the number of swollen joints when the dosing interval was extended beyond 

two weeks, but find that such a teaching would not have counseled against a 

dosing regimen in which D2E7 is administered every two weeks. 
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We also acknowledge that Rau 2000 reports an ESR in the 0.5 mg/kg 

group that was “worsening again already after one week.”  Ex. 2114, 6.  But 

that is only one of the ACR20 criteria.  See Ex. 1003, 2.  And, despite that 

disclosure, Rau 2000 reports that “[o]bservation of an ACR-20 . . . response 

was determined, at any point in time, with about 42% of patients” in the 0.5 

mg/kg dosing group and about 65% of patients in the 1 mg/kg dosing group 

achieving an ACR20 response.  Ex. 2114, 6.  Thus, Rau 2000 indicates that 

the 0.5 mg/kg dose was effective in treating patients (i.e., reducing the signs, 

symptoms, and/or progression of RA).  That the 0.5 mg/kg dose was not the 

most effective dose is of no moment because, as explained above, the claims 

do not require superior efficacy or treatment with the most effective dose.  

See § II.B.1.   

Further, Kempeni concludes that “long term intravenous treatment 

with D2E7 in the dose range from 0.5 to 10 mg/kg was well tolerated.”  

Ex. 1003, 2; see also Ex. 1005 (describing the DE010 study, in which 

patients received 1 mg/kg intravenous or subcutaneous initial doses of 

D2E7, followed by an open label phase of subcutaneous injections of 

1 mg/kg D2E7 and explaining that “[s]ubcutaneous as well as intravenous 

injections of D2E7 at a dose of 1 mg/kg were safe and efficacious when 

given with standard, stable doses of [methotrexate] in patients with active 

RA”).  Accordingly, we determine that a preponderance of the evidence 

supports Petitioner’s position that the person of skill in the art would not 

have been discouraged from pursuing a 40 mg biweekly dosing regimen in 

view of the up-dosing disclosed in Kempeni or the DE001/DE003 study 

results that Rau 2000 describes.         
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(iii) Concerns about anti-drug antibodies, therapeutic range of 
D2E7, and efficacy generally 

Patent Owner argues that the available PK data and clinical data for 

D2E7 would have discouraged a person of ordinary skill from pursuing the 

claimed dosing regimen in view of “the known threat of anti-drug 

antibodies” (“ADAs”).  PO Resp. 28, 40.  With respect to the PK data, 

Patent Owner argues the data suggest that, at steady-state, the trough 

concentrations (i.e., Cmin) would have been expected to be too low and the 

fluctuations between Cmin and Cmax greater than those of the 20 mg weekly 

van de Putte dose, thereby teaching away from the claimed dosing regimen.  

Id. at 26, 32–37.  Patent Owner contends that the lower Cmin values of a 

subcutaneous 40 mg biweekly dose would have triggered concerns about the 

risk of developing anti-drug antibodies, and that the greater Cmin and Cmax 

fluctuations would have triggered concerns about the safety of that dosing 

regimen.  Id. at 40–44.  To illustrate those points, Patent Owner directs us to 

modeling performed by Dr. Vinks using the available PK data and, where 

the data were not available, assumptions based on data for similar proteins.  

Id. at 32–36; see Ex. 2069 ¶¶ 131–150.    

Petitioner replies that the ordinary artisan would have relied on the 

published clinical data to design a D2E7 dosing regimen, not theoretical PK 

modeling, and that those data would have led to 40 mg biweekly dosing with 

the reasonable expectation that it would treat the signs and symptoms of RA.  

Reply 4–6.  Petitioner further asserts that Patent Owner’s modeling theory is 

flawed in that it assumes that a skilled artisan would have been motivated 

solely to pursue the most efficacious dosing regimen possible.  Id. at 6–7.  

Petitioner argues that a skilled artisan would have balanced efficacy with a 

number of other factors when designing a dosage regimen, including safety 
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and patient preference.  Id. at 7.  Petitioner also contends that the 

conclusions Patent Owner and Dr. Vinks draw from the PK modeling are 

irrelevant because there is no evidence that the Cmin value for a 20 mg 

weekly dose was the appropriate Cmin to use as the therapeutic floor.  Id. at 

11.     

We are persuaded by Petitioner’s arguments.  Here, record evidence 

supports Petitioner’s argument that a skilled artisan would have pursued one 

of two approaches to designing a dosing regimen: a clinical approach testing 

different doses and dosing intervals, as Patent Owner did for D2E7, or a 

theoretical model approach.  Indeed, Patent Owner’s PK expert during 

prosecution outlined the two alternative approaches to drug dosage 

development and explained that Patent Owner developed the D2E7 dosing 

regimen through clinical trials.  Ex. 2003 ¶ 62.  And Dr. Vinks testifies that 

the publicly available PK information in June 2001 would not have 

permitted a PK/PD correlation for modeling purposes, because it did not 

report patient specific data.  Ex. 2069 ¶¶ 130–131; see Ex. 2003 ¶¶ 64, 68 

(patient specific data is necessary for theoretical modeling).  Nevertheless, 

Dr. Vinks performed such a modeling exercise.   

Even assuming that the Cmin and Cmax values from Dr. Vinks’s 

modeling are correct, however, we agree with Petitioner that the conclusions 

Dr. Vinks draws from the modeling are not entitled to much weight because, 

as both parties note, the minimum effective dose of D2E7 “was undefined in 

June 2001.”  Ex. 2003 ¶ 53 n.2; PO Resp. 21; Reply 12.  Thus, comparing 

the Cmin of a 40 mg biweekly dose to the Cmin of van de Putte’s 20 mg 

weekly dose does not suggest that persons of ordinary skill in the art would 
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have been discouraged from selecting a 40 mg biweekly dose of D2E7 out of 

concern for the potential of developing ADAs.        

Moreover, the available information regarding D2E7 suggests that, 

although the potential for developing ADAs was known, such potential 

would not have discouraged a skilled artisan from pursuing a 40 mg 

biweekly dose of D2E7.  In contrasting D2E7 with other biological anti-TNF 

treatments, Kempeni discloses that one would have expected the fully 

human D2E7 antibody to be less immunogenic (i.e., there would have been 

less of a concern with developing ADAs).  Ex. 1003, 1; see Ex. 1056, 56:8–

57:22.  That is, Kempeni explains that the therapeutic efficacy of infliximab 

(REMICADE®), a chimeric antibody that is part human and part mouse, and 

etanercept (ENBREL®), a human fusion protein, “may be limited by an 

immune response to their non-human elements or artificially fused human 

sequences.”  Ex. 1003, 1.  Kempeni further states that the fully human 

D2E7, “may have greater therapeutic potential” and “advantages in 

minimising antigenicity in humans.”  Id.; see also Ex. 2114 (“Since D2E7 

consists only of human sequences, allergic reactions are less probable than 

with non-human monoclonal antibodies.”).  Although counsel for Patent 

Owner acknowledges there could be differences in the risk of developing 

ADAs when dosing a chimeric antibody such as REMICADE®, Tr. 43:21–

44:18, neither Patent Owner’s arguments nor Dr. Vinks’s testimony 

regarding ADAs accounts for the differences between D2E7, which is fully 
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human, and other biological anti-TNF treatments, which are not.12  See PO 

Resp. 39–43; Ex. 2069 ¶¶ 64, 69–71, 163. 

We also do not find the evidence of record sufficient to show that 

fluctuations in Cmin and Cmax for a 40 mg biweekly treatment would have 

raised safety issues such that one of ordinary skill in the art would have been 

discouraged from using that dosing protocol.  Dr. Vinks testifies that “‘large 

fluctuations between C[max] and C[min] can be hazardous,’ particularly if the 

drug ‘has a narrow therapeutic range.’”  Ex. 2069 ¶ 41 (citing Ex. 2049, 11); 

see also id. ¶ 148 (“It was reported in the prior art that ‘the magnitude of 

fluctuations between the maximum and minimum steady-state plasma 

concentrations are an important consideration for any drug that has a narrow 

therapeutic range’” (emphasis added)).  Nothing in the record, however, 

suggests that D2E7 has a narrow therapeutic range.  Rather, as Petitioner 

explains, D2E7 has a wide therapeutic window and a relatively long half-

life.  Reply 13–14; see Ex. 1003, 2 (reporting that D2E7 has a half-life of 

                                           
12 We also note that Kempeni reports D2E7 was safe and efficacious over a 
wide range of doses (i.e., from 0.5 mg/kg to 10 mg/kg).  Ex. 1003, 3.  And 
Rau 2000, although recognizing that “idiotypical epitopes can represent a 
theoretical potential for allergic reactions” (i.e., reactions due to the 
development of ADAs), explains that that theoretical potential was not borne 
out in the data from the D2E7 clinical trials because “reactions which were 
described as allergic . . . did not recur in the same patients with continuation 
of the treatment” and “did not require any therapeutic intervention.”  
Ex. 2114, 8.  Further, the evidence suggests that an anti-TNFα treatment can 
be effective and safe even when some patients develop ADAs.  As Petitioner 
explains, REMICADE® and ENBREL® are approved for the treatment of 
RA, even though some patients using those products develop ADAs.  Reply 
20–21 (citing Ex. 1011, 4; Ex. 1012, 7; Ex. 1055, 218:15–220:3; Ex. 1056, 
33:5–16). 
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11.6 to 13.7 days, and that the drug was safe and efficacious in clinical trials 

when dosed over a range of 0.5 mg/kg to 10 mg/kg).      

Finally, regarding the clinical data, Patent Owner points to the prior 

art trials that report patient up-dosing.  PO Resp. 37–38.  As explained 

above, however, we are not persuaded that reports of up-dosing would have 

taught away from the claimed dosing regimen.  Patent Owner further 

contends that van de Putte also observes “[t]he trend of better efficacy with 

higher or more frequent doses.”  PO Resp. 38 (citing Ex. 2065 ¶¶ 17, 64–66; 

Ex. 2069 ¶ 93).  In that regard, Patent Owner notes that the 20 mg weekly 

dose “appeared to be less effective than the 40 mg and 80 mg weekly doses” 

because the data show that the 20 mg dose was “numerically inferior” to the 

other doses.  Id. (citing Ex. 1004, 1; Ex. 1024 (van de Putte 6 month data); 

Ex. 2129 (van de Putte 1-year data)).  Patent Owner continues that a skilled 

artisan “would have been unlikely to pursue the 20 mg weekly dose of van 

de Putte and would have been discouraged from making changes to that 

dosing regimen that would be expected to decrease its efficacy.”  Id.  This is 

so, argues Patent Owner, because the goal of a person of ordinary skill 

engaged in the design of a D2E7 dosing regimen “would not have been to 

obtain mere superiority over placebo or to achieve marginal efficacy[;] . . . 

[t]he goal would have been to eliminate disease activity or reduce it to the 

fullest extent possible.”  Id. at 39 (citing Ex. 2025, 3; 2065 ¶¶ 71, 92–93; 

Ex. 2074, 48:24–49:1, 64:18–65:12).   

We disagree that the evidence supports an assertion that the 20 mg 

dose was insufficiently efficacious.  First, as we explained in the Institution 

Decision, van de Putte discloses that 20, 40, and 80 mg of D2E7 

administered weekly were “all statistically significantly superior to placebo” 
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for all efficacy parameters studied (i.e., van de Putte discloses that all three 

doses treated RA).  Ex. 1004, 1; Inst. Dec. 15.  And van de Putte’s tabulated 

clinical responses show similar percentages of patients achieving ACR20 

response and median percent improvement in TJC, SWJC, and CRP for each 

of the 20, 40, and 80 mg doses.  Ex. 1004, 1.  Although Patent Owner argues 

that “[r]heumatologists routinely rely on numerical trends, even if not 

statistically validated,” PO Resp. 38 n.7, as both parties’ experts note, the 

van de Putte study was not designed for dose-to-dose comparisons.  

Ex. 1006 ¶ 61; Ex. 2069 ¶ 93.  To the extent that such dose-to-dose 

comparisons are permissible to make from the van de Putte data, the authors 

of the study (i.e., persons of at least ordinary skill as of June 2001) 

concluded that the “20, 40 and 80 mg/week were nearly equally efficacious 

when given [subcutaneously] in patients with active RA.”  Ex. 1004, 1.  

We also are not persuaded that the only goal of a skilled artisan in 

June 2001 would have been to eliminate disease activity or reduce it to the 

fullest extent possible, as Patent Owner argues.  Patent Owner’s argument in 

this regard looks to what a rheumatologist would have considered the ideal 

goals of treatment, not what would have been considered practically 

achievable for every patient.  See Ex. 2074, 66:12–25 (Dr. O’Dell’s 

testimony that “if the disease activity continues, it’s not completely 

controlled, [but] that does not mean your treatment has been a complete 

failure.  Oftentimes you’re only able to improve things and not get rid of 

them entirely.”), 73:12–18 (complete remissions of RA are “disappointingly 

rare,” even today).  In other words, we agree with Petitioner that the skilled 

artisan designing a dosing regimen through clinical trials would have 

balanced efficacy with other factors including safety and patient preference.  
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Ex. 1006 ¶ 69; Ex. 2006 ¶ 23; Ex. 2049, 11 (a multiple-dosage regimen 

should balance “patient convenience with the achievement and maintenance 

of maximal clinical effectiveness”); Ex. 2074, 68:6–9 (the expectations for 

clinical trials were “to improve by ACR20,” which is “the FDA standard”); 

Ex. 2119, 67 (dosing intervals may need to be adjusted “to make the 

frequency of administration convenient for patient compliance”).   

 In sum, we are not persuaded that the available PK data and clinical 

data for D2E7 would have taught away from selecting a 40 mg biweekly 

dose.  That does not end our inquiry, however, because Patent Owner 

presents arguments and evidence regarding objective indicia of 

nonobviousness that we must consider before reaching our conclusion on 

obviousness.  WBIP, LLC v. Kohler Co., 829 F.3d 1317, 1328 (Fed. Cir. 

2016).  We consider those arguments and evidence below.       

c. Objective indicia of nonobviousness 
Patent Owner argues that objective evidence of a long-felt, but unmet, 

need for new RA therapies, unexpected results, and commercial success 

(“secondary considerations”) supports the nonobviousness of the challenged 

claims.  PO Resp. 56–62.  “For objective evidence of secondary 

considerations to be accorded substantial weight, its proponent must 

establish a nexus between the evidence and the merits of the claimed 

invention.”  In re Huai-Hung Kao, 639 F.3d 1057, 1068 (Fed. Cir. 2011) 

(quoting Wyers v. Master Lock Co., 616 F.3d 1231, 1246 (Fed. Cir. 2010)).  

We apply “a presumption of nexus for objective considerations when the 

patentee shows that the asserted objective evidence is tied to a specific 

product and that product ‘is the invention disclosed and claimed in the 
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patent.’”  WBIP, 829 F.3d at 1329 (citations omitted).  That presumption, 

however, is rebuttable.  Id.   

As explained further below, we are not persuaded that Patent Owner’s 

arguments and evidence support the nonobviousness of the challenged 

claims.   

(1) Commercial success 
Patent Owner offers evidence of the success of HUMIRA®, a 

commercial formulation of the anti-TNFα antibody used in the claimed 

method, to support the nonobviousness of the challenged claims.  PO Resp. 

59–62. 

“When a patentee can demonstrate commercial success, usually 

shown by significant sales in a relevant market, and that the successful 

product is the invention disclosed and claimed in the patent, it is presumed 

that the commercial success is due to the patented invention.”  J.T. Eaton & 

Co. v. Atl. Paste & Glue Co., 106 F.3d 1563, 1571 (Fed. Cir. 1997); WBIP, 

829 F.3d at 1829.  That presumption of nexus, however, is rebuttable, as “a 

patent challenger may respond by presenting evidence that shows the 

proffered objective evidence was ‘due to extraneous factors other than the 

patented invention.’”  WBIP, 829 F.3d at 1829.   

There is no dispute in this case that HUMIRA® is commercially 

successful.  PO Resp. 58; Reply 26 (“HUMIRA® has been commercially 

successful . . .”); see Ex. 1025 ¶ 9 (Dr. Reisetter testifying that HUMIRA® 

“has been commercially successful since its introduction in 2003”); Ex. 2067 

¶¶ 8–9 (Dr. Hausman testifying that HUMIRA® “has become a top-selling 

TNF inhibitor for the treatment of rheumatoid arthritis”).  Patent Owner 

asserts that the success of HUMIRA® is attributable to “the claimed 
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invention as a whole—a regimen that specifies the biological agent (D2E7), 

the method of administration (subcutaneous), the dose (40 mg fixed dose) 

and the dosing interval (13-15 days).”  PO Resp. 59. 

Petitioner, on the other hand, contends that any presumption of nexus 

has been rebutted because the reasons for HUMIRA®’s commercial success 

are “unrelated to the claimed dosing regimen.”  Reply 26; Pet. 29–31.  To 

support its position, Petitioner directs us to some of Patent Owner’s 

additional patents covering HUMIRA®, including the patent directed to the 

antibody itself and several patents directed to formulations of HUMIRA®.  

Pet. 31; Reply 26; Ex. 1047.  Petitioner also points to Patent Owner’s 

argument in a different inter partes review proceeding involving a 

formulation patent covering HUMIRA®.  Reply 26.  There, Patent Owner 

argued that the formulation covered by the patent and sold as HUMIRA® 

“was a marked advance over the low-concentration and lyophilized 

formulations of its day.”  Ex. 1046, 61.  Patent Owner continued that the 

commercial success of HUMIRA®  

was driven in large part by (i) the ability of patients to self-
administer a liquid antibody formulation via single dose 
subcutaneous administration . . . without lyophilization and the 
accompanying need for reconstitution, and (ii) the fact that it is 
stable enough to be commercially viable (e.g., to withstand 
shipping and storage for periods of time typical for biologic 
therapies.) 

Id.  Thus, Patent Owner has relied on features other than the dosing regimen 

recited in the ’680 patent claims as driving the commercial success of 

HUMIRA®.   

Petitioner correctly notes that Patent Owner does not account for the 

other patents covering HUMIRA® in its efforts to establish commercial 
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success.  See Tr. 65:21–66:15; Ex. 1057, 112:4–21 (Dr. Hausman testifying 

that he did not investigate whether other patents drove the commercial 

success of HUMIRA®).  Further, as we noted in the Institution Decision, 

some of the record evidence attributes HUMIRA®’s commercial success to 

the fully human D2E7 anti-TNFα antibody, rather than the recited dosing 

regimen.  Inst. Dec. 21; Ex. 2031, 3 (“The scientific idea was to see if they 

could develop an antibody drug candidate against the TNF target that was 

‘fully human’ . . . By using only human DNA in the drug, it was supposed to 

help the treatment circumvent immune-system surveillance, and therefore 

avoid triggering immune-system reactions that might cause additional side 

effects.”).  And, as explained above, the D2E7 antibody was known and 

patented.  Ex. 1001, 3:40–42; see generally Ex. 1008.  “Where market entry 

by others was precluded [due to blocking patents], the inference of non-

obviousness of [the claims], from evidence of commercial success, is weak.”  

Galderma Labs., L.P. v. Tolmar, Inc., 737 F.3d 731, 740 (Fed. Cir. 2013).     

On this record, it is not clear whether the sales of HUMIRA® are due 

to the dosing regimen recited in the ’680 patent, or the formulation that 

Patent Owner argued was the driver of commercial success in another inter 

partes review, or the known and patented fully human D2E7 antibody.  

Consequently, we cannot conclude from the evidence before us that the 

commercial success of HUMIRA® was due to the merits of the invention 

recited in in the claims of the ’680 patent.  Accordingly, we determine that 

Petitioner presents sufficient evidence to rebut the presumption of nexus 

between the commercial success of HUMIRA® and the claimed dosing 

regimen.  We, therefore, are not persuaded that Patent Owner’s evidence of 

commercial success supports the nonobviousness of the challenged claims. 
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(2) Long-felt need 
Patent Owner contends there was a long-felt need for new RA 

therapies supporting the nonobviousness of the challenged claims.  PO Resp. 

56–57.  Specifically, Patent Owner argues that, as of June 2001, there was a 

need for new treatments for RA to address the clinical disadvantages 

associated with then-existing treatments.  Id. at 56 (citing Ex. 2065 ¶¶ 21–

32, 90, 91).  In particular, Patent Owner asserts that although two anti-TNFα 

agents were approved as of 2001 (i.e., REMICADE® and ENBREL®), “a 

need existed for additional biologics with more advantageous dosing 

regimens,” and HUMIRA® satisfied that need where biologics from other 

companies failed.  Id. at 56–57.  

We are not persuaded that Patent Owner demonstrates that the 

claimed dosing regimen satisfied a long-felt, but unmet need for RA 

treatment.  For example, although Patent Owner presents some evidence that 

there may have existed a need for RA treatments with a less frequent dosing 

schedule, (i.e., ENBREL® required twice weekly administration), the prior 

art already disclosed biweekly D2E7 dosing regimens.  See Ex. 1003, 2 

(Kempeni describing biweekly dosing of D2E7).  Likewise, Patent Owner 

contends that there was a need for subcutaneous dosing (i.e., REMICADE® 

was administered intravenously), but the prior art disclosed subcutaneous 

dosing of anti-TNFα agents generally, as well as subcutaneous dosing of 

D2E7.  See Ex. 1011, 5 (“The recommended dose of ENBREL for adult 

patients with [RA] is 25 mg given twice weekly as a subcutaneous 

injection”); Ex. 1004, 1 (van de Putte describing subcutaneous dosing of 

D2E7).  Similarly, Patent Owner fails to tie its evidence of long-felt need to 

the 40 mg dose recited in the claims.       
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Further, Patent Owner contends that D2E7 succeeded where other 

anti-TNFα agents did not, but does not sufficiently connect that success to a 

subcutaneous dose of 40 mg administered biweekly.  Rather, it appears from 

the evidence that the driving force behind the satisfaction of a long-felt need 

and success where others had failed was the introduction of the first fully 

human anti-TNFα antibody, not the claimed dosing regimen.  See Ex. 1003, 

1 (explaining that the therapeutic duration of chimeric antibodies and human 

fusion proteins “may be limited” by an immune response, and that fully 

human D2E7 “may have advantages in minimising antigenicity in humans”); 

Ex. 2065 ¶ 88 (Dr. Gibofsky’s testimony that prior art anti-TNFα inhibitor 

TNFbp dimer failed because a “‘significant antibody response’ was reported 

that ‘affected the half-life and clearance of the TNFbp at each dose group’” 

tested (internal citation omitted and emphasis added)).  Accordingly, we are 

not persuaded that Patent Owner’s evidence of long-felt need supports the 

nonobviousness of the challenged claims.     

(3) Unexpected results 
Patent Owner argues that despite the lower predicted Cmin of the 

claimed dosing regimen and concern about formation of ADAs that would 

have followed from the lower Cmin, the claimed dosing regimen is 

unexpectedly effective.  PO Resp. 57–59.  Patent Owner does not direct us 

to sufficient evidence showing that the efficacy of a subcutaneous 40 mg 

biweekly dosing regimen would have been unexpected.  Nor does Patent 

Owner compare that dosing regimen to the closest prior art.  Kao Corp. v. 

Unilever United States, Inc., 441 F.3d 963, 970 (Fed. Cir. 2006) (“when 

unexpected results are used as evidence of nonobviousness, the results must 

be shown to be unexpected compared with the closest prior art” (internal 
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quotations and citation omitted)); See generally PO Resp. 57–59.   Rather, 

Patent Owner simply reiterates its teaching away arguments.  We reject 

those arguments in the context of unexpected results for the same reasons 

provided above with respect to Patent Owner’s teaching away arguments.  

That is, we determine that a preponderance of the evidence suggests that a 

subcutaneous 40 mg biweekly dosing regimen would have been expected to 

be safe and effective at treating RA.                 

 Conclusion as to obviousness 
Having considered the parties’ arguments and evidence, we evaluate 

all of the evidence together to make a final determination of obviousness.  In 

re Cyclobenzaprine Hydrochloride Extended-Release Capsule Patent Litig., 

676 F.3d 1063, 1075 (Fed. Cir. 2012) (stating that a fact finder must 

consider all evidence relating to obviousness before finding patent claims 

invalid).  In so doing, we conclude that Petitioner has satisfied its burden of 

demonstrating, by a preponderance of the evidence, that the subject matter of 

claims 1–4 of the ’680 patent would have been obvious over the 

combination of van de Putte and Kempeni.       

III. ORDER 

 In consideration of the foregoing, it is hereby: 

 ORDERED that claims 1–4 of the ’680 patent are unpatentable; and  

 FURTHER ORDERED that this is a Final Written Decision; 

therefore, parties to the proceeding seeking judicial review of the decision 

must comply with the notice and service requirements of 37 C.F.R. § 90.2. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
____________ 

 
BEFORE THE PATENT TRIAL AND APPEAL BOARD 

____________ 
 

COHERUS BIOSCIENCES INC., 
Petitioner,  

 
v. 
 

ABBVIE BIOTECHNOLOGY LTD., 
Patent Owner. 
____________ 

 
Case IPR2016-00189 
Patent 9,073,987 B2 

____________ 
 

 

Before TONI R. SCHEINER, JAMES T. MOORE, and  
MICHELLE N. ANKENBRAND, Administrative Patent Judges. 
 
MOORE, Administrative Patent Judge. 
 
 
 

FINAL WRITTEN DECISION 

Determining Claims 1 and 2 Unpatentable 
35 U.S.C. § 318(a); 37 C.F.R. § 42.73 
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I. INTRODUCTION 

This is a Final Written Decision in an inter partes review challenging 

the patentability of claims 1 and 2 of U.S. Patent No. 9,073,987 B2 (Ex. 

1001, “the ’987 patent”).  We have jurisdiction under 35 U.S.C. § 6.  For the 

reasons that follow, we determine that Petitioner demonstrates by a 

preponderance of evidence that claims 1 and 2 are unpatentable.     

 Procedural History 
Coherus BioSciences Inc. (“Petitioner”) filed a Petition (Paper 2, 

“Pet.”) requesting an inter partes review pursuant to 35 U.S.C. § 311.  

AbbVie Biotechnology, Ltd. (“Patent Owner”) filed a Preliminary Response 

(Paper 7, “Prelim. Resp.”).  On June 13, 2016, we instituted trial to 

determine whether claims 1 and 2 of the ’987 patent are unpatentable under 

35 U.S.C. § 103 as obvious over the combination of Kempeni1 and van de 

Putte.2  Paper 8 (“Institution Decision or “Inst. Dec.”).  Patent Owner 

requested rehearing of the Institution Decision.  Paper 12.  Rehearing was 

denied.  Paper 27.   

Patent Owner subsequently filed a Response (Paper 33, “Resp.”), and 

Petitioner filed a revised Reply (Paper 49, “Reply”).  Oral argument was 

conducted before the panel on February 16, 2017.  A transcript of the 

argument was entered into the record (Paper 55, “Tr.”). 

                                           
1 Joachim Kempeni, Preliminary results of early clinical trials with the fully 
human anti-TNFα monoclonal antibody D2E7, ANN. RHEUM. DIS., 58 pp. 
170–72 (1999) (Ex. 1003). 
2 Leo van de Putte et al., Efficacy of the Fully Human Anti-TNF Antibody 
D2E7 in Rheumatoid Arthritis, ARTHRITIS & RHEUM. 42(S9):S400 (abstract 
1977) (1999) (Ex. 1004). 
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Petitioner supports its Petition with the declaration testimony of Dr. 

Sharon Baughman (Ex. 1006), Dr. James O’Dell (Ex. 1007), and Dr. Brian 

Reisetter (Ex. 1025).  Patent Owner relies on the declaration testimony of, 

inter alia, Dr. Allan Gibofsky (Ex. 2065), Dr. Brian Harvey (Ex. 2066), Dr. 

Jerry A. Hausman (Ex. 2067), Mr. Jeffrey M. Sailstad (Ex. 2068), and Dr. 

Alexander A. Vinks (Ex. 2069). 

 Related Proceedings 
The parties identify the following U.S. patent applications and U.S. 

patents as related to the application that issued as the ’987 patent:  

Application No. 14/175,993; Application 14/634,478; Application No. 

14/634,530; Application No. 14/715,310; U.S. Patent No. 8,889,135 (“the 

’135 Patent”); U.S. Patent 9,017,680 (“the ’680 Patent”); U.S. Patent 

8,911,737; U.S. Patent No. 8,974,790;3 and U.S. Patent No. 8,992,926.   

Pet. 2.     

Petitioner also filed petitions seeking inter partes review of the ’135 

and ’680 patents, IPR2016-00172 and IPR2016-00188, respectively.  Paper 

5, 1.  Patent Owner further identifies two additional petitions, filed by a 

different petitioner, seeking inter partes review of the ’135 patent, IPR2016-

00408 and IPR2016-00409.  Paper 6, 1.  A final decision has been rendered 

in IPR2016-00172 at Paper 60 therein. 

We are not aware of any pending litigation.  

 The ’987 Patent 
The ’987 patent, titled “Methods of Administering Anti-TNFα 

Antibodies,” issued on July 7, 2015.  The ’987 patent describes biweekly 

dosing regimens for the treatment of TNFα associated disorders, preferably 

                                           
3 Misidentified as U.S. Patent Number 8,984,790, a typographical error. 
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subcutaneously.  Ex. 1001, 2:61–63.  “TNFα” is a known tumor necrosis 

factor α which causes necrosis in certain mouse tumors, mediates shock, and 

is implicated in sepsis, infections, autoimmune diseases, transplant rejection, 

and graft-versus host disease.  Id. at 1:15–30.    

In order to inhibit some of these ailments, therapeutic strategies were 

developed to inhibit human TNFα (“hTNFα”).  The ’987 patent discloses a 

method of treating with an hTNFα antibody.   Id. at Abstract.      

 Illustrative Claims 
Claims 1 and 2 are the only claims of the ’987 patent, and are 

reproduced below. 

  1.  A method of reducing signs and symptoms in a patient 
with moderately to severely active rheumatoid arthritis, 
comprising: 

administering to said patient a total body dose of 40 mg 
of a human anti-TNFα antibody,  

wherein the dose is administered subcutaneously from a 
40 mg dosage unit form once every 13-15 days, and 

wherein the anti-TNFα antibody comprises an IgG1 
heavy chain constant region; a variable light (“VL”) chain 
region comprising a CDR1 having the amino acid sequence of 
SEQ ID NO:7, a CDR2 having the amino acid sequence of SEQ 
ID NO:5, and a CDR3 having the amino acid sequence of SEQ 
ID NO:3; and a variable heavy (“VH”) chain region comprising 
a CDR1 having the amino acid sequence of SEQ ID NO:8, a 
CDR2 having the amino acid sequence of SEQ ID NO:6 and a 
CDR3 having the amino acid sequence of SEQ ID NO:4. 

 
2.   The method of claim 1, wherein the VL chain region of 
the anti-TNFα antibody has the amino acid sequence of SEQ ID 
NO:1 and the VH chain region of the anti-TNFα antibody has 
the amino acid sequence of SEQ ID NO:2.  

Ex. 1001, 59:35–48 and 60:35–46. 
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II. DISCUSSION 

Petitioner bears the burden of proving unpatentability of the 

challenged claims, and that burden never shifts to Patent Owner.  Dynamic 

Drinkware, LLC v. Nat’l Graphics, Inc., 800 F.3d 1375, 1378 (Fed. Cir. 

2015).  To prevail, Petitioner must establish the facts supporting its 

challenge by a preponderance of the evidence.  35 U.S.C. § 316(e); 

37 C.F.R. § 42.1(d).  Below, we explain why Petitioner has met its burden 

with respect to claims 1 and 2.   

 Level of Ordinary Skill in the Art 
We begin our analysis by addressing the level of ordinary skill in the 

art as of June 8, 2001.  The ’987 patent is a continuation of the application 

that issued as the ’135 patent, and that the ’135 patent claims the benefit of 

provisional application 60/296,961, filed June 8, 2001.  Petitioner and Dr. 

Baughman explain that a skilled artisan would possess the skill sets of both a 

physician treating RA patients and a pharmacokineticist with experience in 

monoclonal antibodies.  Pet. 26; Ex. 1006 ¶ 15.   

Dr. Baughman describes the ordinarily skilled artisan physician as an 

M.D. with at least three years of experience treating RA patients, including 

with one or more anti-TNFα biologic agents.  Ex. 1006 ¶ 15; see Pet. 26; Ex. 

1007 ¶ 12 (Dr. O’Dell agreeing with Dr. Baughman’s definition of the 

skilled physician).  Dr. Baughman describes the ordinarily skilled artisan 

pharmacokineticist as having a Ph.D. in pharmacokinetics or a related field, 

and at least three years of experience with the pharmacokinetics and 

pharmacodynamics of biologic agents, either in industry or academia.  

Ex. 1006 ¶ 15; see Pet. 26–27. 
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  Patent Owner’s experts Dr. Gibofsky and Dr. Vinks apply 

Petitioner’s and Dr. Baughman’s description of the ordinary artisan.  Ex. 

2065 ¶¶ 53–54; Ex. 2069 ¶¶ 101–103.  We adopt that description of the level 

of ordinary skill in the art, because it is the description that both parties have 

applied in this proceeding without challenge, and it is consistent with the 

level of ordinary skill in the art as reflected by the prior art of record.          

 Claim Construction 
In an inter partes review, claim terms in an unexpired patent are 

interpreted according to their broadest reasonable construction in light of the 

specification of the patent in which they appear.  37 C.F.R. § 42.100(b); 

Cuozzo Speed Techs., LLC v. Lee, 136 S. Ct. 2131, 2144–46 (2016).  Under 

that standard, claim terms generally are given their ordinary and customary 

meaning, as would be understood by one of ordinary skill in the art in the 

context of the entire disclosure.  In re Translogic Tech., Inc., 504 F.3d 1249, 

1257 (Fed. Cir. 2007).     

The Petition sets forth three terms for construction:  (1) the preamble 

phrase “[a] method of reducing signs and symptoms in a patient with 

moderately to severely active rheumatoid arthritis,” (2) “every 13–15 days,” 

and (3) “dosage unit form.”  Pet. 14–16.  Patent Owner initially contended 

that the preamble was in need of no construction, but contended that the 

administration of D2E7 produces a meaningful improvement in a variety of 

clinical outcome measures.  Prelim. Resp. 18–20. 

In the Institution Decision, we determined that, based on the then-

existing record, the preamble phrase is not limiting.  Inst. Dec. 8–9.  We 

further determined that no other claim term required construction to resolve 

the parties’ dispute.  Inst. Dec. 8 (citing Vivid Techs., Inc. v. Am. Sci. & 
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Eng’g, Inc., 200 F.3d 795, 803 (Fed. Cir. 1999) (“only those terms need be 

construed that are in controversy, and only to the extent necessary to resolve 

the controversy”)). 

Petitioner does not dispute our preliminary determination that the 

preamble phrase “[a] method of reducing signs and symptoms in a patient 

with moderately to severely active rheumatoid arthritis” is not limiting.  We 

have reassessed that determination in light of the arguments and evidence 

adduced at trial, and maintain that determination based on the full record.   

Patent Owner argues for reconsideration of our determination.  Patent 

Owner asserts that “[a]s of June 2001, a treating physician who satisfied the 

definition of a POSA[4] would have understood the claims to require 

meaningful therapeutic efficacy.”  Resp. at 61 (citing Ex. 2065 ¶¶ 20, 92–

93).  As support, Patent Owner points to the ’987 patent specification’s 

disclosure that “administration of D2E7 produces a meaningful 

improvement in a variety of clinical outcome measures” such as ACR20, 

ACR50, and SJC.5 Id. at 62.    

Patent Owner also contends that the specification of the ’987 patent 

provides “clinically meaningful outcome parameters” for the treatment of 

RA.  Id.  (citing Ex. 2065, ¶¶ 92–93).  Patent Owner, therefore, again asserts 

that we should construe the phrase to mean that the treatment has 

“meaningful therapeutic efficiency.”  We again decline to interpret the claim 

in this manner.  Such a construction would add much uncertainty to the 

                                           
4 We understand POSA to be used as shorthand for a Person of Ordinary 
Skill in the Art. 
5 ACR is shorthand for the American College of Rheumatology 
improvement criteria.  SJC stands for swollen joint count.  Ex. 1001, 
28:23;30:22. 
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claim.  Meaningful is a highly subjective term, depending on the outcome 

sought by a treating physician and what he or she might regard as 

meaningful as regards that outcome.   

Patent Owner relies upon the testimony of Dr. Gibofsky, who 

disagrees with the interpretation we have given the claims.  Dr. Gibofsky 

testifies that our interpretation permits that “any drug that had an effect on a 

patient’s RA symptoms, no matter how insignificant or short-lived (for 

example, an analgesic or intoxicant), would constitute ‘reducing signs and 

symptoms.’”  Ex. 2065, ¶ 92.  Dr. Gibofsky ignores that the claim requires 

treatment with a specific antibody, at a particular dosage, over a particular 

time period.  We do not see an interpretation of these claims whereby they 

could be directed to any analgesic or intoxicant to reduce those signs or 

symptoms.   

Dr. Gibofsky also makes the statement that “[n]o clinician would 

consider himself or herself to be ‘reducing signs and symptoms’ of RA if 

there were no therapeutically meaningful reduction in the patient’s signs and 

symptoms of the disease.”  Id.  To us, this narrower interpretation seems 

inconsistent with the stated therapeutic benefit of slowing the advance of the 

disease, where all actual measures might nonetheless still be getting worse. 

Ex. 1001, 24:62–63.   

As we explained in the Institution Decision, claims 1 and 2 do not 

expressly recite any particular level of efficacy.  Rather, they require 

administering the antibody in a particular dosage amount, form, and time 

period as claim limitations, without regard to any particular effect other than 

having as a goal reducing signs and symptoms.  Inst. Dec. 9.  Moreover, the 

specification describes administering the antibody for therapeutic purposes 
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to alleviate the symptoms and/or progression of the disorder.  Ex. 1001, 

24:25–60.  There are many possible ways to quantify such alleviation or 

reduction in progression, and the claims do not recite one.  Injecting a choice 

of potential “meaningful” measures would render the claim’s metes and 

bounds largely indecipherable. 

Accordingly, for these reasons, we reaffirm our determination that, 

under the broadest reasonable construction, the preamble phrase “[a] method 

of reducing signs and symptoms in a patient with moderately to severely 

active rheumatoid arthritis” only provides context for the invention and is 

nonlimiting.   

 Obviousness of Claims 1 and 2 over Kempeni and van de Putte 
 Petitioner argues that the combination of Kempeni and van de Putte 

would have rendered obvious the subject matter of claims 1 and 2.  Pet. 30–

41.   

The thrust of Patent Owner’s contrary position is that one of ordinary 

skill in the art would not have been motivated to develop a 40 mg, 

subcutaneous, every other week dosage regimen to treat RA and would not 

have reasonably expected success in achieving treatment of RA with that 

dosage regimen given the collective teachings of the art.  Resp. 20–63.   

Based on our review of the arguments and evidence of record, we 

determine that Petitioner demonstrates, by a preponderance of the evidence, 

that the subject matter of claims 1 and 2 would have been obvious over the 

combination of Kempeni and van de Putte, as explained below.      

 Kempeni (Ex. 1003) 
Kempeni teaches that D2E7 is a fully human anti-TNFα monoclonal 

antibody that “may have advantages in minimising antigenicity in humans” 
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compared to other biologic TNF antagonists that are not fully human or 

artificially fused human sequences.  Ex. 1003, 1.  Kempeni further describes 

the results of several clinical studies investigating the use of D2E7 to treat 

RA patients.  Id. at 1–3.  Kempeni is prior art under 35 U.S.C. § 102(b), 

published in 1999.  Pet. 22; Ex. 1003, 1.   

During the clinical trials, efficacy generally was assessed using, inter 

alia, the ACR20 criteria.  Id. at 1–2.  To be classified as a responder 

according to ACR20 criteria, a patient must demonstrate: (1) greater than or 

equal to 20% improvement in swollen joint count (“SWJC”), (2) greater than 

or equal to 20% improvement in tender joint count (“TJC”), and (3) at least 

20% improvement in three of five other measures, including patient global 

assessment of disease activity, physician global assessment of disease 

activity, patient assessment of pain, an acute phase reactant (e.g., C reactive 

protein (“CRP”)), and a measure of disability.  Id. at 2. 

In the first described study, each patient received a single dose of 

D2E7 (from 0.5 to 10 mg/kg)6 or placebo by intravenous injection.  Id.  

Patients were evaluated for four weeks to determine the pharmacokinetics of 

D2E7, and to evaluate the safety and efficacy of the antibody in terms of 

onset, duration, and magnitude of response.  Id. 

Kempeni describes the results of the study as “encouraging,” noting 

that the “therapeutic effects became evident within 24 hours to one week 

after D2E7 administration and reached the maximum effect after 1–2 weeks, 

with dose response reaching a plateau at 1 mg/kg D2E7.”  Id.  

Pharmacokinetic (“PK”) parameters were calculated for patients from all 

                                           
6 The 0.5 to 10 mg/kg refers to the amount of D2E7 that patients received 
per kilogram of body weight. 
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dose groups and the estimated mean terminal half-life of D2E7 was 

determined to be 11.6 to 13.7 days.  Id. 

Patients who continued in the study were given a second blinded dose 

that was identical to the first and, subsequently, given active drug every two 

weeks until a “good” DAS (Disease Activity Score)7 response was achieved.  

Id.  Patients who did not respond well after 0.5 or 1 mg/kg dosing, however, 

received higher doses of up to 3 mg/kg (sometimes referred to in this 

proceeding as “updosing”).  Id.  Kempeni discloses that 86% of patients 

continued to receive treatment with D2E7 after six months, “indicating that 

long term intravenous treatment with D2E7 in the dose range from 0.5 to 10 

mg/kg was well tolerated.”  Id.   

In a second study that evaluated the safety and efficacy of weekly 

subcutaneous 0.5 mg/kg weight-based administration of D2E7, patients were 

given either D2E7 or placebo weekly for a period of three months.  Id. at 2–

3.  The dose was increased to 1 mg/kg subcutaneously weekly for non-

responders or patients losing responder status.  Id. at 3. 

According to the preliminary data, “plasma concentrations of D2E7 

after multiple subcutaneous doses were comparable to those achieved with 

intravenous administration.”  Id.  Further, up to 78% of patients achieved an 

ACR20 response after three months of treatment, leading to the conclusion 

that “D2E7 given subcutaneously was safe and as effective as when 

administered intravenously demonstrating that subcutaneous self 

administration is a promising approach for D2E7 delivery.”  Id. 

                                           
7 The DAS is a composite score of tender joints, swollen joints, erythrocyte 
sedimentation rate, and a patient’s disease activity assessment as measured 
on a visual analogue scale.  Id. at 2. 
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In a third clinical study that evaluated the safety of 1 mg/kg single 

subcutaneous or intravenous injections, it was determined that the safety 

profile of single dose D2E7 administration was “comparable to that of 

placebo.”  Id. 

Kempeni teaches that the data from these studies collectively suggest 

D2E7 “is safe and effective as monotherapy . . . when administered by single 

and multiple intravenous and subcutaneous injections.  Additional studies 

are underway to further define optimal use of this novel treatment.”  Id. 

 Van de Putte (Ex. 1004) 
Van de Putte describes the results of a dose-finding phase II study that 

compared three dose levels of D2E7 and placebo over three months in 

patients with long-standing active RA.  Ex. 1004, 1.  In the study, patients 

received “weekly [fixed] doses of either D2E7 at 20, 40, [or] 80 mg or 

placebo by subcutaneous (s.c.) self injection for 3 months.”  Id.  Van de 

Putte reports the percentage of patients receiving an ACR20 response, as 

well as the median percent improvement in TJC, SWJC, and CRP for each 

of the dosing regimens and placebo.   

The results are set forth in the table reproduced below. 

 
Id.  The table above shows the results of the clinical study described in van 

de Putte.  Based on the results, van de Putte concludes that “[f]or all efficacy 

parameters studied, all doses of D2E7 were statistically significantly 
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superior to placebo (p < 0.001)” and that “20, 40, and 80 mg/week were 

nearly equally efficacious when given [subcutaneously] in patients with 

active RA.”  Id.  

 Analysis 
A patent claim is unpatentable under 35 U.S.C. § 103(a) if the 

differences between the subject matter sought to be patented and the prior art 

are such that the subject matter as a whole would have been obvious to a 

person of ordinary skill in the art at the time the invention was made.  KSR 

Int’l Co. v. Teleflex Inc., 550 U.S. 398, 406 (2007).  Obviousness is resolved 

based on underlying factual determinations, including:  (1) the scope and 

content of the prior art; (2) any differences between the claimed subject 

matter and the prior art; (3) the level of ordinary skill in the art; and 

(4) objective evidence of nonobviousness, i.e., secondary considerations.  

See Graham v. John Deere Co., 383 U.S. 1, 17–18 (1966).  

a. Scope and content/Differences 
Petitioner asserts that the combined teachings of van de Putte and 

Kempeni disclose or suggest each element of the challenged claims.  Pet. 

20–26, 36–38 (claim chart mapping the language of the claims to the 

disclosures of Kempeni and van de Putte).   

Patent Owner does not challenge Petitioner’s showing that the prior 

art discloses each element of claims 1 and 2.  See generally Resp.   

Based on the full trial record, we determine that van de Putte and 

Kempeni collectively disclose each limitation of the challenged claims.  

First, we agree with Petitioner that van de Putte discloses all of the elements 

of claims 1 and 2, except for biweekly dosing.   
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As explained above, van de Putte discloses a study in which RA 

patients received weekly doses of 20, 40, or 80 mg of D2E7, or placebo, via 

subcutaneous self-administration over the course of three months.  Ex. 1004, 

1.  The D2E7, therefore, was administered in a pharmaceutically acceptable 

composition.  Further, D2E7 is a known recombinant human anti-TNFα 

antibody having the six CDRs and heavy chain constant region recited in 

claims 1 and 2, and the amino acid sequences for the variable light and 

variable heavy chain regions recited in claim 2.  Ex. 1001, 3:28–38 

(explaining that D2E7 is “described in U.S. Patent No. 6,090,382, 

incorporated in its entirety herein by reference”); see Ex. 1008, 2:59–67.   

Petitioner also shows, by a preponderance of the evidence, that 

Kempeni accounts for the differences between van de Putte and the recited 

biweekly dosing frequency required by all of the challenged claims.  

Specifically, Kempeni describes a study in which patients received D2E7 via 

intravenous injection every two weeks for at least 6 months (i.e., 24 weeks).  

Ex. 1003, 2.   

 

b. Motivation to dose 40 mg every 13–15 days subcutaneously 
and reasonable expectation of success in treating RA   

Even “[i]f all elements of the claims are found in a combination of 

prior art references,” “the factfinder should further consider whether a 

person of ordinary skill in the art would [have been] motivated to combine 

those references, and whether in making that combination, a person of 

ordinary skill would have [had] a reasonable expectation of success.”  Merck 

& Cie v. Gnosis S.p.A., 808 F.3d 829, 833 (Fed. Cir. 2015).  The “motivation 

to combine” and “reasonable expectation of success” factors are subsidiary 
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requirements for obviousness subsumed within the Graham factors.  Pfizer, 

Inc. v. Apotex, Inc., 480 F.3d 1348, 1361 (Fed. Cir. 2007). 

Petitioner asserts, relying in part upon the testimony of Dr. Baughman 

and Dr. O’Dell, that a person of ordinary skill would have been led from the 

disclosures of van de Putte and Kempeni to administer 40 mg of D2E7 

subcutaneously every 13–15 days, as recited in claims 1 and 2 of the ’987 

patent, and would have expected such a dose to be safe and effective in 

treating RA.  Pet. 30–41 (citing Ex. 1006 and Ex. 1007 extensively).   

Patent Owner “hotly contest[s]” whether the ordinarily skilled artisan 

would have had a reason to select the claimed dosing regimen, and also 

contests whether one of ordinary skill would have expected success in 

treating RA using that regimen.  See, e.g., Tr. 42:5–6; Resp. 1, 21 (alleging 

no reasonable expectation of success and serious safety and efficacy 

concerns).  We address the parties’ arguments and evidence on those issues 

below. 

(1) Fixed, subcutaneous dosing 
With respect to type of dose and administration of the dose, Petitioner 

asserts that van de Putte’s dosing regimen reflects the well-known 

advantages of subcutaneous administration over other forms of 

administration (e.g., intravenous dosing), and fixed dosing over weight-

based dosing.  Pet. 30–33 (citing Ex. 1002, 9; Ex. 1006 ¶¶ 51–53; Ex. 1008, 

22:65–23:1).    

Patent Owner does not specifically challenge Petitioner’s showings in 

this regard, see generally Resp., and we agree with Petitioner that the record 

establishes by a preponderance of the evidence that the ordinarily skilled 
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artisan would have had a reason to select subcutaneous, fixed dosing and had 

a reasonable expectation of success in achieving a subcutaneous fixed dose.   

For example, Petitioner points to evidence that subcutaneous dosing 

would have been more convenient and less expensive for patients because 

they can self-administer the dose in a short amount of time.  Pet. 30-31; Ex. 

1006 ¶ 51; Ex. 1022, 7 (stating that “[i]n general, subcutaneous 

administration is more desirable for doctors and patients than intravenous 

administration” because subcutaneous administration “can be accomplished 

in minutes” and “can be performed practically anywhere without 

catheterization” (i.e., it does not require hospital visits like intravenous 

administration does)).   

Dr. Baughman testifies that fixed dosing would have been easier and 

less costly for patients:  fixed dosing “requires no patient action beyond 

injection,” whereas body weight dosing requires the patient to prepare each 

injection before administration.  Ex. 1006 ¶ 52; see also Ex. 1008, 22:65–

23:1 (“[I]t is especially advantageous to formulate parenteral compositions 

in dosage unit form for ease of administration and uniformity of dosage.”).  

Dr. Baughman also points to the fixed dose, subcutaneous administration 

that had been approved for the anti-TNFα antibody ENBREL in 1998.  

Ex. 1006 ¶ 53.   

Finally, we note that patients in the clinical study described in van de 

Putte were receiving subcutaneous fixed doses, and Kempeni explained that 

“subcutaneous self administration is a promising approach for D2E7 

delivery.”  Ex. 1003, 3; Ex. 1004, 1; see Ex. 1006 ¶¶ 54–55.   
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(2) Biweekly administration of a 40 mg dose  
With respect to dose selection and dosing interval, Petitioner presents 

several arguments why a skilled artisan would have had a reason to modify 

the van de Putte dosing regimen to administer 40 mg doses on a biweekly 

schedule and expect success in treating RA with that regimen.  Those 

arguments fit into two categories based on Kempeni’s disclosures:  the first 

based upon the 11.6 to 13.7 day half-life of D2E7, and the second based 

upon administration of 0.5 mg/kg of D2E7 biweekly.  See Pet. 32–36.  As 

explained below, we are not persuaded by Petitioner’s first argument, but are 

persuaded by the second argument.       

(i) Dose selection and interval based on half-life 
Petitioner asserts that a skilled artisan “would have been motivated to 

modify [the] van de Putte . . . dosing protocol to administer subcutaneous 

doses biweekly, rather than weekly” based upon the 11.6 to 13.7 day half-

life of D2E7 that Kempeni reports.  Pet. 33.  Dr. Baughman also observes 

that Kempeni describes biweekly dosing of D2E7 as a viable treatment 

protocol.  Ex. 1006 ¶ 72; Pet. 34.   

Petitioner contends that, based on the half-life of D2E7, the person of 

ordinary skill would have stretched van de Putte’s 20 mg weekly dosing to 

40 mg biweekly dosing and would have expected success in treating RA.  

Reply 6–9.  Petitioner relies primarily on Dr. Baughman’s testimony that 

pharmacokineticists “routinely” use half-life “to develop the appropriate 

dosing frequency.”  Ex. 1006 ¶ 66; Pet. 35.    

According to Dr. Baughman, the half-life reported in Kempeni would 

have suggested dosing less frequently than once a week because 

“administration of one subcutaneous dose of 40 mg D2E7 [biweekly] would 
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still be enough to treat RA, as [the amount circulating in the blood] would be 

equal to or greater than that reached with the 20 mg weekly dose, which was 

shown to be efficacious by the ACR 20 data in van de Putte.”  Id. ¶ 68.   

Dr. Baughman illustrates that concept in a table that approximates the 

amount of D2E7 circulating in the blood over a two-week period based on 

the half-life of D2E7 and the doses studied in van de Putte.  Id. ¶ 67.  Dr. 

Baughman’s half-life table is reproduced below. 

   
Dr. Baughman’s table shows calculations of the approximate amount of 

20 mg, 40 mg, and 80 mg from the van de Putte study that she asserts would 

be circulating in the body one week and two weeks after subcutaneous 

injection.  Ex. 1006 ¶ 67.    

Likewise, Petitioner relies on Dr. Baughman’s half-life analysis in 

arguing that that the “logical dosage choice for treating RA with 

subcutaneous biweekly injections of D2E7 would have been 40 mg.”  

Pet. 34.  According to Petitioner, “a central principle of drug development is 

the desirability of administering the lowest effective drug dose.”  Id. at 34–

35 (citing Ex. 1006 ¶ 69 (“The goal is to treat the patient with as little drug 

as possible in order to reduce potential side effects, while at the same time 

attaining a therapeutic response.”)).  In that regard, Petitioner contends, and 

Dr. Baughman testifies, that, based on van de Putte’s clinical data and the 
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roughly reported half-life of D2E7, a person of ordinary skill in the art 

“would have recognized that 40 mg biweekly represented the lowest 

effective dose.”  Id. at 35; Ex. 1006 ¶ 69.   

Dr. Baughman further testifies that the amount of D2E7 circulating in 

the second week after administration of one subcutaneous dose of 40 mg 

D2E7 would still be enough to treat RA because it would be equivalent to or 

greater than the amount reached with the 20 mg weekly dose, which van de 

Putte found to be efficacious.  Ex. 1006 ¶ 68.  Similarly, Dr. Baughman 

testifies that the ordinary artisan would have expected success in treating RA 

with the 40 mg biweekly dose because, “at the end of the second week after 

dosing 40 mg, the Cmin
[8] would be greater than or similar to the Cmin at the 

end of the first week after dosing 20 mg.”  Ex. 1006 ¶ 71.      

Patent Owner responds that Petitioner’s and Dr. Baughman’s analysis 

based on half-life is flawed because half-life alone does not provide 

sufficient information to develop a dosing regimen.  Resp. 44–48.  In 

particular, Patent Owner contends that terminal half-life (what Kempeni 

discloses) does not impart information about:  (1) drug concentrations in the 

blood or at the site of action, or how those concentrations correlate to safety 

and efficacy; (2) how long the drug remains in the body; or (3) how long the 

drug lasts at the site of action, all of which would have been important in 

developing a safe and efficacious dosing regimen.  Id. at 44–48.   

A question before us then, is whether a person of ordinary skill in the 

art would have had a reason to modify van de Putte’s 20 mg weekly dose to 

a 40 mg biweekly dose based on the known half-life of D2E7.  As with other 

                                           
8 Cmin is lowest blood level observed between doses.  Ex. 1006 ¶ 62. 
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factual questions, Petitioner bears the burden of proving that the skilled 

artisan would have been motivated to make such a modification.  In re 

Magnum Oil Tools Int’l, 829 F.3d 1364, 1375 (Fed. Cir. 2016) (burden-

shifting “does not apply in the adjudicatory context of an IPR”).   

After reviewing the entire record developed during trial, we find that 

Petitioner does not carry its burden to show that a person of ordinary skill in 

the art would have been so motivated.  As explained above, in the Petition 

Petitioner asserts that the ordinary artisan would have doubled van de Putte’s 

20 mg dose to 40 mg and weekly dosing interval to biweekly based on the 

single PK parameter of half-life.   

In support of that assertion, Dr. Baughman testifies that “half-lives are 

routinely used to develop the appropriate dosing frequency.”  Ex. 1006 ¶ 66.  

Dr. Baughman’s testimony in that regard may be valid, but the record in this 

case does not include sufficient persuasive evidence from which we can 

make that determination.  That is, neither Petitioner nor Dr. Baughman 

directs us to a monoclonal antibody drug with a dosing interval that 

corresponds to its particular half-life, or to other evidence supporting the 

assertion that skilled artisans routinely use half-lives to develop a dosing 

schedule.  Accordingly, Dr. Baughman’s testimony on those issues is 

entitled to little or no weight. 37 C.F.R. § 42.65(a).   

Moreover, we note that Patent Owner identifies several prior art 

therapeutic antibodies that were not dosed according to a frequency equal to 

a single half-life, including:  (1) REMICADE, which is dosed only once 

every 3–6 half-lives; (2) RITUXAN, which is dosed once every 2.8 half-

lives; (3) MYLOTARG, which is dosed once every 5 half-lives; and 

(4) ZENAPAX, which is dosed once every 0.6 half-lives.  Resp. 47 (citing 
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Ex. 1012, 2, 12; Ex. 2007, 1–2; Ex. 2010, 1–2; Ex. 2013 3, 17; Ex. 2072, 

96:22–97:3); Ex. 2069 ¶ 112.  This evidence tends to suggest half-life has 

limited applicability in determining dosing regimens.  

Petitioner does not dispute that evidence, but replies that it does not 

suggest that “half-life has no bearing on dosing regimen.”  Reply 10.  We 

agree.  Petitioner, however, does not point to sufficient persuasive evidence 

from which we can conclude that dosing frequency would have been 

selected based on its particular half-life alone, as asserted in the Petition. 

 Petitioner argued in the Petition that the skilled artisan would have 

been motivated to develop the appropriate dosing regimen for D2E7 based 

on half-life alone.  Pet. 33 (contending that, “[b]ased upon the . . . half-life 

of D2E7 reported in Kempeni,” a skilled artisan would have been motivated 

to modify van de Putte’s dosing protocol to administer subcutaneous doses 

biweekly, rather than weekly), 35 (basing dose selection on the half-life data 

disclosed in Kempeni).   

In the Reply, Petitioner now contends that before June 2001, skilled 

artisans “routinely relied on half-life as a factor when designing a dosing 

regimen.”  Reply 8 (emphasis added).  Such a substantive shift in position, 

however, “is foreclosed by the statute, [Federal Circuit] precedent, and 

Board guidelines.”  Wasica Fin. GmbH v. Cont’l Auto. Sys., Inc., 853 F.3d 

1272, 1286–87 (Fed. Cir. 2017). 

Patent Owner argues that half-life is not the only factor the skilled 

artisan would have considered in modeling a dosing regimen.  See Resp. 44–

48; Ex. 2069 ¶¶ 114–117.  Petitioner similarly states in the Reply that Dr. 

Vinks “agreed that for some drugs Cmax and AUC can be important  

parameters,”  Reply 11.  And Dr. Baughman notes that those parameters, as 
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well as Cmin—which Dr. Baughman posits “might be the best parameter to 

indicate the threshold of efficacy”—would have been important to a skilled 

artisan in modeling a dosing regimen.  Ex. 1006 ¶ 62.   

Dr. Baughman discounts those factors because they “were not 

reported as being indicative of safety or efficacy as of the June 2001 filing 

date of the ’987 patent.”  Ex. 1006 ¶ 62.  Dr. Baughman, however, does not 

explain adequately why the skilled artisan would have disregarded those 

parameters that she, and others, considered important, or why the absence of 

those factors from the disclosures of Kempeni and van de Putte suggests that 

half-life would have provided enough information to model a dosing 

regimen.   

In our view, Dr. Baughman takes a simplistic approach to modeling a 

dosing regimen without explaining adequately, and without sufficient 

supporting evidence, why the ordinary artisan would have used such an 

approach.9  Accordingly, we are not persuaded Petitioner demonstrates, by a 

preponderance of the evidence, that a person of ordinary skill in the art 

would have been motivated to choose the claimed dosing regimen based on 

half-life. 

                                           
9 Patent Owner provides additional criticisms of Dr. Baughman’s half-life 
analysis.  For example, Patent Owner asserts that Dr. Baughman analyzed 
the wrong time interval by focusing on drug levels after a single 
administration instead of looking at the drug levels after multiple doses.  
Resp. 22–23; see id. at 24–25 (setting forth further arguments why Dr. 
Baughman’s half-life analysis is flawed including bioavailability).  We need 
not address those additional criticisms, however, because we already 
determine that Dr. Baughman’s half-life analysis is entitled to minimal 
weight.  
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(ii) Dose selection and interval based on Kempeni’s biweekly 
dosing protocol 

Petitioner also argues that the skilled artisan would have been 

motivated to dose 40 mg of D2E7 biweekly and would have expected such a 

dose to be safe and effective based on the clinical study Kempeni describes 

(i.e., the DE003 study) in which patients received intravenous biweekly 

doses of D2E7.  Pet. 30, 35-36.  In that regard, Petitioner argues that the 

0.5 mg/kg intravenous dose administered in that study is equivalent to a 

40 mg subcutaneous dose.  Pet. 26 (Table).  Petitioner further asserts 

Kempeni discloses that persons of ordinary skill not only tried biweekly 

dosing of D2E7, but also “demonstrated that it was a viable treatment 

protocol.”  Pet. 34 (citing Ex. 1006 ¶ 72).   

Patent Owner responds that Petitioner’s argument is based on a 

misreading of Kempeni and the DE003 study.  Resp. 49.  Specifically, 

Patent Owner asserts that Kempeni’s “bare bones description of the 

‘biweekly’ phase of Kempeni fails to disclose” subcutaneous dosing, a 40 

mg dose, fixed-weight dosing, or a biweekly dosing regimen sustained over 

a defined period of time.  Id.   

Dr. Vinks testifies for Petitioner that a 0.5 mg/kg dose is equivalent to 

a 40 mg fixed dose for an 80 kg (i.e., average) patient.  Ex. 1055, 159:4–

160:1.  And counsel for Patent Owner does not deny that there is no dispute 

that the 0.5 mg/kg intravenous dose is equivalent to the 40 mg subcutaneous 

dose.10  Tr. 46:6–21.  Thus, contrary to Patent Owner’s argument, Kempeni 

                                           
10  Counsel for Patent Owner states that such equivalency “would have been 
a best case.”  Tr. 46:11–12.  That is, Patent Owner agrees that the two doses 
are equivalent, but contends that if the 0.5 mg/kg dose is insufficient to treat 
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expressly discloses a dose that is equivalent to the recited subcutaneous 

40 mg dose.   

Kempeni also teaches biweekly administration.  Ex. 1003, 2 (“D2E7 

was administered every two weeks” in the dose range from 0.5 to 10 mg/kg).  

Accordingly, Kempeni explicitly provides a motivation for converting van 

de Putte’s weekly dosing regimen into a biweekly dosing regimen.  Kempeni 

also suggests that the person of ordinary skill would have expected success 

in treating RA with such a dosing regimen.  That is, Kempeni concludes that 

long term treatment with D2E7 in the dose range from 0.5 to 10 mg/kg “was 

well tolerated.”  Id.  Additional record evidence confirms that reasonable 

expectation of success.  Ex. 2114, 8 (D2E7 “can be administered every two 

weeks as an intravenous injection . . . or subcutaneously.  D2E7 is well 

tolerated and must be called a therapeutic step forward.”).           

Patent Owner points to Kempeni’s disclosure that treatment was 

discontinued during the biweekly phase of the DE003 study “once a 

response was rated as ‘good’ and patients were retreated ‘only upon disease 

flare up.’”  Resp. 49. (citing Ex. 1003, 2).  Thus, Patent Owner contends that 

the focus on personalized doses and schedules in the DE003 study would 

have taught away from the fixed dosing regimen of the claims.  Id (citing 

Ex. 2065, ¶¶ 83–85).  

We see the evidence somewhat differently.  A reference teaches away 

from the claimed invention if it criticizes, discredits, or would have 

                                           
RA, the 40 mg subcutaneous dose also is insufficient, given the lower 
bioavailability of a drug after subcutaneous administration.  Tr. 46:16–21.  
We address that contention below in discussing Patent Owner’s argument 
that Kempeni, and the prior art as a whole, teach away from the 0.5 mg/kg 
dose.  See infra §§ II.C.3.b.(2)(ii)–(2)(iii).  
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discouraged a person of ordinary skill in the art from “following the path set 

out in the reference,” or if a person of ordinary skill “would [have been] led 

in a direction divergent from the path that was taken by the applicant.”  In re 

Gurley, 27 F.3d 551, 553 (Fed. Cir. 1994); see In re Fulton, 391 F.3d 1195, 

1201 (Fed. Cir. 2004).  The mere disclosure of alternative designs, however, 

does not teach away.  In re Mouttet, 686 F.3d 1322, 1333–34 (Fed. Cir. 

2012).   

Kempeni discloses several clinical studies that utilized different 

dosing protocols.  DE003 was one of those clinical studies.  In the DE003 

study, patients received 0.5 to 10 mg/kg of D2E7 intravenously “every two 

weeks” until DAS (Disease Activity Score) responses could be rated as 

“good.”  Ex. 1003, 2 (emphasis added).  Thus, far from criticizing, 

discrediting, or discouraging the person of ordinary skill from pursuing a 

biweekly regimen, as explained above, Kempeni expressly discloses such 

dosing frequency.11   

We agree with Patent Owner that, for some portion of the treatment 

period, patients were treated only on flare up.  Resp. 49; Ex. 1003, 2.  That 

disclosure, however, does not negate Kempeni’s teaching of biweekly 

dosing.  Nor does it fairly teach away from biweekly dosing.  We also agree 

that some patients were “updosed” for “inadequate clinical response.”  Resp. 

50; Ex. 1003, 2–3.   

                                           
11 Additional prior art references support the finding regarding Kempeni’s 
disclosure.  For example, one reference describes the DE003 study as a 
clinical trial in which “D2E7 was given in doses of 0.5–10 mg/kg 
[intravenously] over 3–5 minutes every two weeks over a time period of 
now 1½ years.”  Ex. 2114, 4.   
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We find that such disclosure represents, at most, an alternative dosing 

schedule to the biweekly dosing Kempeni discloses, with patient variability 

accommodated.  In any event, we find that persons of ordinary skill were not 

led in a direction divergent from that taken by Patent Owner.  To the 

contrary, evidence in the record demonstrates that skilled artisans conducted 

studies dosing D2E7 subcutaneously in fixed doses, and on a biweekly 

schedule.  Ex. 1004, 1 (disclosing that D2E7 was administered 

subcutaneously in fixed doses of 20, 40, and 80 mg); Ex. 1005, 3 (describing 

the DE010 study, in which patients initially were treated with 1 mg/kg D2E7 

intravenously, 1 mg/kg D2E7 subcutaneously, or placebo, but thereafter 

received subcutaneous injections of 1 mg/kg D2E7 biweekly in the open 

label portion of the study).            

Patent Owner next argues that even if the 0.5 mg/kg intravenous dose 

disclosed in Kempeni is equivalent to a 40 mg subcutaneous dose, the 0.5 

mg/kg dose “would have delivered substantially more drug” to the patient 

than a 40 mg subcutaneous dose because “only a fraction of the 

subcutaneous dose is absorbed in the blood stream.”  Resp. 49–50 (citing 

Ex. 2069 ¶ 34).  On that point, Dr. Vinks testifies that the bioavailability 

(i.e., amount of drug that reaches the systemic circulation relative to an 

intravenous administration) of a drug administered subcutaneously “is 

almost always lower than for the same drug administered intravenously.”  

Ex. 2069 ¶ 34.  

We agree with Patent Owner that there is evidence supporting the 

position that a drug administered subcutaneously can be less bioavailable 

than a drug administered intravenously.  See Ex. 2018, 8–9 (explaining that 

the absolute bioavailability of proteins after subcutaneous administration “is 
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generally variable and incomplete relative to an [intravenous] dose with 

values ranging from about 20% up to 100%”).  Nevertheless, Kempeni 

discloses that plasma concentrations of D2E7 after multiple subcutaneous 

doses are “comparable to those achieved with intravenous administration,” 

and that D2E7 administered subcutaneously is “as effective as when 

administered intravenously.”  Ex. 1003, 3.  Given the evidence of those 

teachings in the record, we are not persuaded that the difference in 

bioavailability between an intravenous and subcutaneous dose would have 

counseled against administering a subcutaneous 40 mg dose of D2E7 

biweekly.     

Patent Owner additionally argues that the skilled artisan would not 

have understood the 0.5 mg/kg dose in the biweekly study that Kempeni 

discloses to suggest that a 40 mg biweekly regimen would have been 

effective to treat RA.  Resp. 50.  Specifically, Patent Owner contends that 

patients were up-dosed due to inadequate response in all trials that evaluated 

the 0.5 mg/kg dose.  Id. (citing Ex. 1003, 2–3; Ex. 1023); see also id. at 11–

12, 36–37 (“up-dosing occurred even in trials involving intravenous 

administration”).  Patent Owner further asserts that at least one prior art 

reference (i.e., Rau 2000) emphasized that D2E7 doses greater than 1 mg/kg 

resulted in “long-lasting reduction of disease activity.”  Id. at 36, 50 (citing 

Ex. 2114, 4)(emphasis in original).  According to Patent Owner, Kempeni, 

and the prior art as a whole, taught away from administering low doses (i.e., 

0.5 mg/kg or 1 mg/kg) across all patients.  Id. at 37–38, 50.         

Petitioner replies that up-dosing of the 0.5 mg/kg dose did not show 

that the dose was insufficient to treat RA.  See Reply 15–16.  On that point, 

Petitioner asserts that Kempeni and Rau 2000 “both teach that the 0.5 mg/kg 
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bi-weekly dose was ‘sufficient’ and reduced the signs and symptoms of RA 

in patients,” even if it resulted in only a moderate response.  Id. at 19–20.  

After having considered the arguments and evidence before us, on balance, it 

supports the position of Petitioner that the up dosing reported in Kempeni 

and Rau 2000 would not have dissuaded a person of ordinary skill from 

pursuing 40 mg biweekly dosing as a viable option.   

Like Kempeni, Rau 2000 describes the DE001/DE003 clinical study 

and results of that study.  Ex. 2114, 5–6, Figs. 2–5.  Rau 2000 discloses that, 

in DE001, patients received an initial dose of 0.5 mg/kg, 1 mg/kg, 3 mg/kg, 

5 mg/kg, 10 mg/kg of D2E7, or placebo intravenously.  Ex. 2114, 5.  

Patients then entered the open label phase of the study, DE003, and received 

a second injection four weeks after the first injection.  Id.; see Ex. 1003, 2 

(Kempeni describing the transition from DE001 to DE003).  Patients were 

subsequently administered injections when disease activity increased, at a 

minimum interval of two weeks.  Ex. 2114, 5.   

As Patent Owner noted during argument, Rau 2000 reports that “after 

the lower doses (0.5 or 1 mg per kg of body weight), the number of swollen 

joints gradually increased again.”  Id. at 6, Fig. 2; see Tr. 48:21–49:5.  Rau 

2000 also reports that there was a worsening in ESR (erythrocyte 

sedimentation rate) after one week in the 0.5 mg/kg group.  Id. at 6.  Patent 

Owner relies on these statements in Rau 2000 as support for its argument 

that the 0.5 mg/kg dose was ineffective.  Resp. 36, 50.   

Patent Owner’s argument has some evidentiary support in Rau 2000, 

but we do not find that Rau 2000 indicates that the 0.5 mg/kg dose was 

“ineffective,” as Patent Owner argues.  For example, Rau 2000’s description 

of the patients’ swollen joints notes improvement after administration of all 
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doses and Figure 2 shows a decrease in the number of swollen joints from 

week 0 (i.e., the beginning of the study) to week 2.  Ex. 2114, 6, Fig. 2; Ex. 

2218, 6, Fig. 2 (high resolution version of Rau 2000 that depicts the figures 

with better clarity).   

We do acknowledge that Rau 2000 discloses an increase in the 

number of swollen joints when the dosing interval was extended beyond two 

weeks, but find, based upon the totality of the evidence of record, that such a 

teaching would not have counseled against a dosing regimen in which D2E7 

is administered every two weeks. 

We also acknowledge that Rau 2000 reports an ESR in the 0.5 mg/kg 

group that was “worsening again already after one week.”  Ex. 2114, 6.  

However, swollen joints are only one of the ACR20 criteria.  See Ex. 1003, 

2.  And, despite that disclosure, Rau 2000 reports that “[o]bservation of an 

ACR-20 . . . response was determined, at any point in time, with about 42% 

of patients” in the 0.5 mg/kg dosing group and about 65% of patients in the 

1 mg/kg dosing group achieving an ACR20 response.  Ex. 2114, 6.  Thus, 

Rau 2000 indicates that the 0.5 mg/kg dose was effective in treating patients 

(i.e., reducing the signs, symptoms, and/or progression of RA).  That the 0.5 

mg/kg dose was not the most effective dose is of no moment because, as 

explained above, the claims do not require superior efficacy or treatment 

with the most effective dose.  See § II.B, above.   

Further, Kempeni concludes that “long term intravenous treatment 

with D2E7 in the dose range from 0.5 to 10 mg/kg was well tolerated.”  

Ex. 1003, 2; see also Ex. 1005 (describing the DE010 study, in which 

patients received 1 mg/kg intravenous or subcutaneous initial doses of 

D2E7, followed by an open label phase of subcutaneous injections of 
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1 mg/kg D2E7 and explaining that “[s]ubcutaneous and intravenous 

injections of D2E7 at a dose of 1 mg/kg were safe and efficacious when 

given with standard, stable doses of [methotrexate] in patients with active 

RA”).   

Accordingly, we determine that a preponderance of the evidence 

supports Petitioner’s position that the person of skill in the art would not 

have been discouraged from pursuing a 40 mg biweekly dosing regimen in 

view of the up-dosing disclosed in Kempeni or the DE001/DE003 study 

results that Rau 2000 describes.         

(iii) Concerns about anti-drug antibodies, therapeutic range of 
D2E7, and efficacy generally 

Patent Owner also argues that the available PK data and clinical data 

for D2E7 would have discouraged a person of ordinary skill from pursuing 

the claimed dosing regimen in view of the known threat of ADAs (anti-drug 

antibodies).  Resp. 27–28.  With respect to the PK data, Patent Owner argues 

the data suggest that, at steady-state, the trough concentrations (i.e., Cmin) 

would have been expected to be too low and the fluctuations between Cmin 

and Cmax greater than those of the 20 mg weekly van de Putte dose, thereby 

teaching away from the claimed dosing regimen.  Id. at 28, 31–36. 

Patent Owner contends that the lower Cmin values of a subcutaneous 

40 mg biweekly dose would have triggered concerns about the risk of 

developing anti-drug antibodies, and that the greater Cmin and Cmax 

fluctuations would have triggered concerns about the safety of that dosing 

regimen.  Id. at 39–43.  To illustrate those points, Patent Owner directs us to 

modeling performed by Dr. Vinks using the available PK data and, where 

the data were not available, assumptions based on data for similar proteins.  

Id. at 32–36; see Ex. 2069 ¶¶ 131–150.    
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Petitioner replies that the ordinary artisan would have relied on the 

published clinical data to design a D2E7 dosing regimen, not theoretical PK 

modeling, and that those data would have led to 40 mg biweekly dosing with 

the reasonable expectation that it would treat the signs and symptoms of RA.  

Reply 4–7.  Petitioner further asserts that Patent Owner’s modeling theory is 

flawed in that it assumes that a skilled artisan would have been motivated 

solely to pursue the most efficacious dosing regimen possible.  Id. at 7.  

Petitioner argues that a skilled artisan would have balanced efficacy with a 

number of other factors when designing a dosage regimen, including safety 

and patient preference.  Id.  Petitioner also contends that the conclusions 

Patent Owner and Dr. Vinks draw from the PK modeling are irrelevant 

because there is no evidence that the Cmin value for a 20 mg weekly dose was 

the appropriate Cmin to use as the therapeutic floor.  Id. at 11–12.     

We are persuaded by Petitioner’s arguments.  Here, record evidence 

supports Petitioner’s argument that a skilled artisan would have pursued one 

of two approaches to designing a dosing regimen:  a clinical approach 

testing different doses and dosing intervals, as Patent Owner did for D2E7, 

or a theoretical model approach.  Indeed, Patent Owner’s PK expert during 

prosecution outlined the two alternative approaches to drug dosage 

development and explained that Patent Owner developed the D2E7 dosing 

regimen through clinical trials.  Ex. 2003 ¶ 62.  Dr. Vinks testifies that the 

publicly available PK information in June 2001 would not have permitted a 

PK/PD correlation for modeling purposes, because it did not report patient 

specific data.  Ex. 2069 ¶¶ 130–131; see Ex. 2003 ¶¶ 64, 68 (patient specific 

data is necessary for theoretical modeling).  Nevertheless, Dr. Vinks 

performed such a modeling exercise.   
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Even assuming that the Cmin and Cmax values from Dr. Vinks’s 

modeling are correct, however, we agree with Petitioner that the conclusions 

Dr. Vinks draws from the modeling are not entitled to significant weight 

because, as both parties note, the minimum effective dose of D2E7 “was 

undefined in June 2001.”  Ex. 2003 ¶ 53 n.2; Resp. 21; Reply 12.  Thus, 

comparing the Cmin of a 40 mg biweekly dose to the Cmin of van de Putte’s 

20 mg weekly dose does not suggest that persons of ordinary skill in the art 

would have been discouraged from selecting a 40 mg biweekly dose of 

D2E7 out of concern for the potential of developing ADAs.        

Moreover, the available information regarding D2E7 suggests that, 

although the potential for developing ADAs was known, such potential 

would not have discouraged a skilled artisan from pursuing a 40 mg 

biweekly dose of D2E7.  In contrasting D2E7 with other biological anti-TNF 

treatments, Kempeni discloses that one would have expected the fully 

human D2E7 antibody to be less immunogenic (i.e., there would have been 

less of a concern with developing ADAs).  Ex. 1003, 1; see Ex. 1056, 56:8–

57:22.  That is, Kempeni explains that the therapeutic efficacy of infliximab 

(REMICADE), a chimeric antibody that is part human and part mouse, and 

etanercept (ENBREL), a human fusion protein, “may be limited by an 

immune response to their non-human elements or artificially fused human 

sequences.”  Ex. 1003, 1.  Kempeni further states that the fully human 

D2E7, “may have greater therapeutic potential” and “advantages in 

minimising antigenicity in humans.”  Id.; see also Ex. 2114, 8 (“Since D2E7 

consists only of human sequences, allergic reactions are less probable than 

with non-human monoclonal antibodies.”).   
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Although counsel for Patent Owner acknowledges there could be 

differences in the risk of developing ADAs when dosing a chimeric antibody 

such as REMICADE, Tr. 43:21–44:18, neither Patent Owner’s arguments 

nor Dr. Vinks’s testimony regarding ADAs accounts for the differences 

between D2E7, which is fully human, and other biological anti-TNF 

treatments, which are not.12  See Resp. 39–43; Ex. 2069 ¶¶ 64, 69–71, 163. 

We also do not find the evidence of record sufficient to show that 

fluctuations in Cmin and Cmax for a 40 mg biweekly treatment would have 

raised safety issues such that one of ordinary skill in the art would have been 

discouraged from using that dosing protocol.  Dr. Vinks testifies that “‘large 

fluctuations between C[max] and C[min] can be hazardous,’ particularly if the 

drug ‘has a narrow therapeutic range.’”  Ex. 2069 ¶ 41 (citing Ex. 2049, 11); 

see also id. ¶ 148 (“It was reported in the prior art that ‘the magnitude of 

fluctuations between the maximum and minimum steady-state plasma 

concentrations are an important consideration for any drug that has a narrow 

therapeutic range’” (emphasis added)).   

                                           
12 We also note that Kempeni reports D2E7 was safe and efficacious over a 
wide range of doses (i.e., from 0.5 mg/kg to 10 mg/kg).   Ex. 1003, 3.  Rau 
2000, although recognizing that “idiotypical epitopes can represent a 
theoretical potential for allergic reactions” (i.e., reactions due to the 
development of ADAs), explains that that theoretical potential was not borne 
out in the data from the D2E7 clinical trials because “reactions that were 
described as allergic . . . did not recur in the same patients with continuation 
of treatment” and “did not require any therapeutic intervention.”  Ex. 2114, 
8.  Further, the evidence suggests that an anti-TNFα treatment can be 
effective and safe even when some patients develop ADAs.  As Petitioner 
explains, REMICADE and ENBREL are approved for the treatment of RA, 
even though some patients using those products develop ADAs.  Reply 20–
21 (citing Ex. 1011, 4; Ex. 1012, 7; Ex. 1055, 219:4–220:3). 
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Nothing in the record, however, suggests that D2E7 has such a narrow 

therapeutic range.  Rather, as Petitioner explains, D2E7 has a wide 

therapeutic window and a relatively long half-life.  Reply 13–14; see Ex. 

1003, 2 (reporting that D2E7 has a half-life of 11.6 to 13.7 days, and that the 

drug was safe and efficacious in clinical trials when dosed over a range of 

0.5 mg/kg to 10 mg/kg).      

Finally, regarding the clinical data, Patent Owner points to the prior 

art trials that report patient up dosing.  Resp. 36–38.  As explained above, 

however, we are not persuaded that reports of up dosing would have taught 

away from the claimed dosing regimen.  Patent Owner further contends that 

van de Putte also observes “[t]he trend of better efficacy with higher or more 

frequent doses.”  Resp. 37 (citing Ex. 2065 ¶¶ 17, 64–66; Ex. 2069 ¶ 93).  In 

that regard, Patent Owner notes that the 20 mg weekly dose “appeared to be 

less effective than the 40 mg and 80 mg weekly doses” because the data 

show that the 20 mg dose was “numerically inferior” to the other doses.  Id. 

(citing Ex. 1004, 1; Ex. 1024 (van de Putte 6 month data); Ex. 2129 (van de 

Putte 1-year data)).   

Patent Owner continues that a skilled artisan “would have been 

unlikely to pursue the 20 mg weekly dose of van de Putte and would have 

been discouraged from making changes to that dosing regimen that would be 

expected to decrease its efficacy.”  Id.  This is so, argues Patent Owner, 

because the goal of a person of ordinary skill engaged in the design of a 

D2E7 dosing regimen “would not have been to obtain mere superiority over 

placebo or to achieve marginal efficacy[;] . . . [t]he goal would have been to 

eliminate disease activity or reduce it to the fullest extent possible.”  Id. at 
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37–38 (citing Ex. Ex. 2025, 3; 2065 ¶¶ 71, 92–93; Ex. 2074, 48:24–49:1, 

64:18–65:12).   

We disagree that the evidence supports an assertion that the 20 mg 

dose was insufficiently efficacious.  First, as we explained in the Institution 

Decision, van de Putte discloses that 20, 40, and 80 mg of D2E7 

administered weekly were “all statistically significantly superior to placebo” 

for all efficacy parameters studied (i.e., van de Putte discloses that all three 

doses treated RA).  Ex. 1004, 1; Inst. Dec. 16–17.  Van de Putte’s tabulated 

clinical responses show similar percentages of patients achieving ACR20 

response and median percent improvement in TJC, SWJC, and CRP for each 

of the 20, 40, and 80 mg doses.  Ex. 1004, 1.   

Although Patent Owner argues that rheumatologists “routinely rely on 

numerical trends, even if not statistically validated,” Resp. 37 n.7, as both 

parties’ experts note, the van de Putte study was not designed for dose to 

dose comparisons.  Ex. 1006 ¶ 61; Ex. 2069 ¶ 93.  To the extent that such 

dose to dose comparisons are permissible to make from the van de Putte 

data, the authors of the study (i.e., persons of at least ordinary skill as of 

June 2001) concluded that the “20, 40 and 80 mg/week were nearly equally 

efficacious when given [subcutaneously] in patients with active RA.”  Ex. 

1004, 1.  

We also are not persuaded that the only goal of a skilled artisan in 

June 2001 would have been to eliminate disease activity or reduce it to the 

fullest extent possible, as Patent Owner argues.  Patent Owner’s argument in 

this regard looks to what a rheumatologist would have considered the ideal 

goals of treatment, not what would have been considered practically 

achievable for every patient.  See Ex. 2074, 66:12–25 (Dr. O’Dell’s 
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testimony that “if the disease activity continues, it’s not completely 

controlled, [but] that does not mean your treatment has been a complete 

failure.  Oftentimes you’re only able to improve things and not get rid of 

them entirely.”), 73:12–18 (complete remissions of RA are “disappointingly 

rare,” even today).   

In other words, we agree with Petitioner that the skilled artisan 

designing a dosing regimen through clinical trials would have balanced 

efficacy with other factors including safety and patient preference.  Ex. 1006 

¶ 69; Ex. 2006 ¶ 23; Ex. 2049, 11 (a multiple-dosage regimen should 

balance “patient convenience with the achievement and maintenance of 

maximal clinical effectiveness”); Ex. 2074, 68:6–9 (the expectations for 

clinical trials were “to improve by ACR20,” which is “the FDA standard”); 

Ex. 2119, 67 (dosing intervals may need to be adjusted “to make the 

frequency of administration convenient for patient compliance”).   

 In sum, we are not persuaded that the available PK data and clinical 

data for D2E7 would have taught away from selecting a 40 mg biweekly 

dose.  That does not end our inquiry, however, because Patent Owner 

presents arguments and evidence regarding objective indicia of 

nonobviousness that we must consider before reaching our conclusion on 

obviousness.  WBIP, LLC v. Kohler Co., 829 F.3d 1317, 1328 (Fed. Cir. 

2016).   

We consider those arguments and evidence below.       

b. Objective indicia of nonobviousness 
Patent Owner argues that objective evidence of a long-felt, but unmet, 

need for new RA therapies, unexpected results, and commercial success 

(“secondary considerations”) supports the nonobviousness of the challenged 
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claims.  Resp. 55–61.  “For objective evidence of secondary considerations 

to be accorded substantial weight, its proponent must establish a nexus 

between the evidence and the merits of the claimed invention.”  In re Huai-

Hung Kao, 639 F.3d 1057, 1068 (Fed. Cir. 2011) (quoting Wyers v. Master 

Lock Co., 616 F.3d 1231, 1246 (Fed. Cir. 2010)).  We apply “a presumption 

of nexus for objective considerations when the patentee shows that the 

asserted objective evidence is tied to a specific product and that product ‘is 

the invention disclosed and claimed in the patent.’”  WBIP, 829 F.3d at 1329 

(citations omitted).  That presumption, however, is rebuttable.  Id.   

As explained further below, we are not persuaded that Patent Owner’s 

arguments and evidence support the nonobviousness of the challenged 

claims.   

(1) Commercial success 
Patent Owner offers evidence of the commercial success of HUMIRA, 

a commercial formulation of the anti-TNFα antibody used in the claimed 

method, to support the nonobviousness of the challenged method claims.  

Resp. 58–61. 

“When a patentee can demonstrate commercial success, usually 

shown by significant sales in a relevant market, and that the successful 

product is the invention disclosed and claimed in the patent, it is presumed 

that the commercial success is due to the patented invention.”  J.T. Eaton & 

Co. v. Atl. Paste & Glue Co., 106 F.3d 1563, 1571 (Fed. Cir. 1997); WBIP, 

829 F.3d at 1329.  That presumption of nexus, however, is rebuttable, as “a 

patent challenger may respond by presenting evidence that shows the 

proffered objective evidence was ‘due to extraneous factors other than the 

patented invention.’”  WBIP, 829 F.3d at 1329.   
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There is no significant dispute in this case that HUMIRA is 

commercially successful.  Resp. 58; Reply 26 (“HUMIRA® has been 

commercially successful . . .”); see Ex. 1025 ¶ 9 (Dr. Reisetter testifying that 

HUMIRA “has been commercially successful since its introduction in 

2003”); Ex. 2067 ¶¶ 8–9 (Dr. Hausman testifying that HUMIRA “has 

become a top-selling TNF inhibitor for the treatment of rheumatoid 

arthritis”).  Patent Owner asserts that the success of HUMIRA is attributable 

to “the claimed invention as a whole—a regimen that specifies the biological 

agent (D2E7), the method of administration (subcutaneous), the dose (40 mg 

fixed dose) and the dosing interval (13-15 days).”  Resp. 58–59. 

Petitioner, on the other hand, contends that any presumption of nexus 

has been rebutted because the reasons for HUMIRA’s commercial success 

are “unrelated to the claimed dosing regimen.”  Reply 26; Pet. 29–30.  To 

support its position, Petitioner directs us to some of Patent Owner’s 

additional patents covering HUMIRA, including the patent directed to the 

antibody itself and several patents directed to formulations of HUMIRA.  

Pet. 30; Reply 26; Ex. 1047.   

Petitioner also points to Patent Owner’s argument in a different inter 

partes review proceeding involving a formulation patent covering 

HUMIRA.  Reply 26.  There, Patent Owner argued that the formulation 

covered by the patent and sold as HUMIRA “was a marked advance over the 

low-concentration and lyophilized formulations of its day.”  Ex. 1046, 61.  

Patent Owner continued that the commercial success of HUMIRA  

was driven in large part by (i) the ability of patients to self-
administer a liquid antibody formulation via single dose 
subcutaneous administration . . . without lyophilization and the 
accompanying need for reconstitution, and (ii) the fact that it is 
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stable enough to be commercially viable (e.g., to withstand 
shipping and storage for periods of time typical for biologic 
therapies.) 

Id.  Thus, Patent Owner has relied on features other than the dosing regimen 

recited in the ’987 patent claims as driving the commercial success of 

HUMIRA.   

Petitioner correctly notes that Patent Owner does not account for the 

other patents covering HUMIRA in its efforts to establish commercial 

success.  See Tr. 65:21–66:15; Ex. 1057, 112:4–21 (Dr. Hausman testifying 

that he did not investigate whether other patents drove the commercial 

success of HUMIRA).  Further, as we noted in the Institution Decision, 

some of the record evidence attributes HUMIRA’s commercial success to 

the fully human D2E7 anti-TNFα antibody, rather than the recited dosing 

regimen.  Inst. Dec. 22; Ex. 2031, 3 (“The scientific idea was to see if they 

could develop an antibody drug candidate against the TNF target that was 

‘fully human’ . . . By using only human DNA in the drug, it was supposed to 

help the treatment circumvent immune-system surveillance, and therefore 

avoid triggering immune-system reactions that might cause additional side 

effects.”).   

Also, as explained above, the D2E7 antibody was known and 

patented.  Ex. 1001, 3:28–38; see generally Ex. 1008.  “Where market entry 

by others was precluded [due to blocking patents], the inference of non-

obviousness of [the claims], from evidence of commercial success, is weak.”  

Galderma Labs., L.P. v. Tolmar, Inc., 737 F.3d 731, 740 (Fed. Cir. 2013).     

On this record, it is not clear whether the sales of HUMIRA are due to 

the dosing regimen recited in the ’987 patent, or the formulation that Patent 

Owner argued was the driver of commercial success in another inter partes 
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review, or the known and patented fully human D2E7 antibody.  

Consequently, we cannot conclude from the evidence before us that the 

commercial success of HUMIRA was due to the merits of the invention 

recited in the ’987 patent claims.  Accordingly, we determine that Petitioner 

presents sufficient evidence to rebut the presumption of nexus between the 

commercial success of HUMIRA and the claimed dosing regimen.  We, 

therefore, are not persuaded that Patent Owner’s evidence of commercial 

success supports the nonobviousness of the challenged claims. 

(2) Long-felt need 
Patent Owner contends there was a long-felt need for new RA 

therapies supporting the nonobviousness of the challenged claims.  Resp. 

55–56.  Specifically, Patent Owner argues that, as of June 2001, there was a 

need for new treatments for RA to address the clinical disadvantages 

associated with then-existing treatments.  Id. at 55–56 (citing Ex. 2065 

¶¶ 21–32, 90, 91).  In particular, Patent Owner asserts that although two 

anti-TNFα agents were approved as of 2001 (i.e., REMICADE and 

ENBREL), “a need existed for additional biologics with more advantageous 

dosing regimens,” and HUMIRA satisfied that need where biologics from 

other companies failed.  Id.  

We are not persuaded that Patent Owner demonstrates that the 

claimed dosing regimen satisfied a long-felt, but unmet need for RA 

treatment.  For example, although Patent Owner presents some evidence that 

there may have existed a need for RA treatments with a less frequent dosing 

schedule, the prior art already disclosed biweekly D2E7 dosing regimens.  

See Ex. 1011 (ENBREL required twice weekly administration); Ex. 1003, 2 

(Kempeni describing biweekly dosing of D2E7).   
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Likewise, Patent Owner contends that there was a need for 

subcutaneous dosing (i.e., REMICADE was administered intravenously), but 

the prior art disclosed subcutaneous dosing of anti-TNFα agents generally, 

as well as subcutaneous dosing of D2E7.  See Ex. 1011, 6 (“The 

recommended dose of ENBREL for adult patients with [RA] is 25 mg given 

twice weekly as a subcutaneous injection”); Ex. 1004, 1 (van de Putte 

describing subcutaneous dosing of D2E7).  Similarly, Patent Owner fails to 

tie its evidence of long-felt need to the 40 mg dose recited in the claims 

sufficiently.       

Further, Patent Owner contends that D2E7 succeeded where other 

anti-TNFα agents did not, but does not sufficiently connect that success to a 

subcutaneous dose of 40 mg administered biweekly.  Rather, it appears from 

the evidence that the driving force behind the satisfaction of a long-felt need 

and success where others had failed was the introduction of the first fully 

human anti-TNFα antibody, not the claimed dosing regimen.  See Ex. 1003, 

1 (explaining that the therapeutic duration of chimeric antibodies and human 

fusion proteins “may be limited” by an immune response, and that fully 

human D2E7 “may have advantages in minimising antigenicity in humans”); 

Ex. 2065 ¶ 88 (Dr. Gibofsky’s testimony that prior art anti-TNFα inhibitor 

TNFbp dimer failed because a “‘significant antibody response’ was reported 

that ‘affected the half-life and clearance of the TNFbp at each dose group’” 

tested (internal citation omitted and emphasis added)).  Accordingly, we are 

not persuaded that Patent Owner’s evidence of long-felt need supports the 

nonobviousness of the challenged claims.     
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(3) Unexpected results 
Patent Owner argues that despite the lower predicted Cmin of the 

claimed dosing regimen and concern about formation of ADAs that would 

have followed from the lower Cmin, the claimed dosing regimen is 

unexpectedly effective.  Resp. 56–58.  Patent Owner does not direct us to 

sufficient persuasive evidence showing that the efficacy of a subcutaneous 

40 mg biweekly dosing regimen would have been unexpected.  Nor does 

Patent Owner compare that dosing regimen to the closest prior art.  Kao 

Corp. v. Unilever United States, Inc., 441 F.3d 963, 970 (Fed. Cir. 2006) 

(“when unexpected results are used as evidence of nonobviousness, the 

results must be shown to be unexpected compared with the closest prior art” 

(internal quotations and citation omitted)); see generally Resp. 56–58.    

 Conclusion as to obviousness 
Having considered the parties’ arguments and evidence, we evaluate 

all of the evidence together to make a final determination of obviousness.  In 

re Cyclobenzaprine Hydrochloride Extended-Release Capsule Patent Litig., 

676 F.3d 1063, 1075 (Fed. Cir. 2012) (stating that a fact finder must 

consider all evidence relating to obviousness before finding patent claims 

invalid).  In so doing, we conclude that Petitioner has satisfied its burden of 

demonstrating, by a preponderance of the evidence, that the subject matter of 

claims 1 and 2 of the ’987 patent would have been obvious over the 

combination of Kempeni and van de Putte.       
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III. ORDER 

 In consideration of the foregoing, it is hereby: 

 ORDERED that claims 1 and 2 of the ’987 patent are unpatentable; 

and  

 FURTHER ORDERED that this is a Final Written Decision; 

therefore, parties to the proceeding seeking judicial review of the decision 

must comply with the notice and service requirements of 37 C.F.R. § 90.2. 
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I. INTRODUCTION 

This is a Final Written Decision in an inter partes review challenging 

the patentability of claims 1–5 (collectively, “the challenged claims”) of 

U.S. Patent No. 8,889,135 B2 (Ex. 1001, “the ’135 patent”).  We have 

jurisdiction under 35 U.S.C. § 6.  For the reasons that follow, we determine 

that Petitioner demonstrates, by a preponderance of evidence, that claims 1–

5 are unpatentable.     

 Procedural History 
Boehringer Ingelheim International GMBH and Boehringer Ingelheim 

Pharmaceuticals, Inc. (collectively, “Petitioner”) filed a Petition (Paper 3, 

“Pet.”) requesting an inter partes review pursuant to 35 U.S.C. § 311.  On 

July 7, 2016, we instituted trial to determine whether claims 1–5 of the 

’135 patent are unpatentable under 35 U.S.C. § 103 as obvious over the 

combination of van de Putte 20001 and Rau 2000.2  Paper 9 (“Decision on 

Institution” or “Inst. Dec.”).     

AbbVie Biotechnology Ltd. (“Patent Owner”) filed a Response 

(Paper 24, “Resp.”), and Petitioner filed a Reply (Paper 38, “Reply”).  

Petitioner supports its Petition with the Declarations of Michael H. 

Weisman, M.D., a rheumatologist, and William J. Jusko, Ph.D., who studies 

pharmacokinetics. Pet. 7; see Exs. 1003, 1004.  Patent Owner relies on the 

Declarations of Dr. Allan Gibofsky, a rheumatologist (Ex. 2071), Alexander 

                                           
1 L.B.A. van de Putte et al., Six Month Efficacy of the Fully Human Anti- 
TNF Antibody D2E7 in Rheumatoid Arthritis, 59 ANNALS OF THE RHEUM. 
DISEASES OP.056 (July 2000) (Ex. 1009, “van de Putte 2000”). 
2 R. Rau et al., Experience with D2E7, 25 RHEUM. TODAY 83 (June 2000) 
(English Translation) (Ex. 1012, “Rau 2000”). 
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Vinks, who studies pharmacokinetics (Ex. 2075), Jeffrey Sailstand, who 

studies anti-drug antibodies (Ex. 2074), Bryan Harvey, a former FDA 

official who discusses biologic clinical trials (Ex. 2072), and Jerry Hausman, 

an economist (Ex. 2073).  Resp.1, 1.  

Oral argument was heard on April 4, 2017, and a transcript of the 

argument has been entered into the record (Paper 45, “Tr.”).3 

 Related Proceedings 
The parties identify an inter partes proceeding, IPR2016-00172 

(“172 IPR”), in which Coherus BioSciences Inc. petitioned for review of 

claims 1–5 of the ’135 patent. See Coherus BioSciences Inc. v. AbbVie 

Biotechnology Ltd., Case IPR2016-00172 (PTAB) (Coherus); Pet. 4; Prelim. 

Resp. 1–2; Paper 6, 1. The Board instituted inter partes review of claims 1–

5 of the ’135 patent in the 172 IPR, see Coherus, Case IPR2016-00172, slip 

op. at 22 (PTAB May 17, 2016) (Paper 9), and found claims 1–5 

unpatentable in a final written decision issued May 16, 2017, see Coherus, 

Case IPR2016-00172, slip op. at 44 (PTAB May 16, 2017) (Paper 60). 

The parties also identify as related IPR2016-00409, an inter partes 

proceeding also involving the ’135 patent filed by Petitioner, and two other 

inter partes proceedings involving related patents, U.S. Patent No. 

9,017,680 and U.S. Patent No. 9,073,987, IPR2016-00188 and IPR2016-

00189, respectively.  Paper 36, 1–2. 

                                           
3 Petitioner and Patent Owner filed Objections to Evidence or Exhibits, see 
Papers 11, 12, 27, and 39.  We have reviewed these papers and will give the 
evidence the appropriate weight in light of these objections. 
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 The ’135 Patent 
The ’135 patent, titled “Methods of Administering Anti-TNFα 

Antibodies,” issued on November 18, 2014.  The ’135 patent discloses 

methods of treating rheumatoid arthritis (“RA”) with a human anti-tumor 

necrosis factor α (“TNFα”) antibody.  Ex. 1001, Abstract, 3:4–7.  RA is an 

autoimmune disease with a pathophysiology that is linked to tumor necrosis 

factor.  Ex. 1001, 25:33–37.  Specifically, TNFα has been implicated in 

activating tissue inflammation and causing joint destruction in RA.  Id. at 

1:12–15, 25:33–37.  The methods of the claimed invention involve 

administering an anti-TNFα antibody having the six complementarity 

determining regions (“CDRs”) and heavy chain constant region of D2E7, a 

known recombinant human anti-TNFα antibody.  Id. at 3:28–38, 4:36–55, 

9:53–67, 12:14–18.  The methods further include administering a total body 

dose of 40 mg of the anti-TNFα antibody subcutaneously every 13–15 days, 

i.e., biweekly, for a period of time sufficient to treat RA.  Id. at 3:39–45, 

23:18–21, 24:25–29.     

 Illustrative Claim 
Claims 1 and 5 are independent claims of the ’135 patent.  Claim 1 is 

illustrative of the challenged claims and recites:  

1. A method for treating rheumatoid arthritis in a human 
subject, comprising administering subcutaneously to a human 
subject having rheumatoid arthritis a total body dose of 40 mg of 
a human anti-TNFα antibody once every 13–15 days for a time 
period sufficient to treat the rheumatoid arthritis, wherein the 
anti-TNFα antibody comprises an IgG1 heavy chain constant 
region; a variable light (“VL”) chain region comprising a CDRl 
having the amino acid sequence of SEQ ID NO:7, a CDR2 
having the amino acid sequence of SEQ ID NO:5, and a CDR3 
having the amino acid sequence of SEQ ID NO:3; and a variable 
heavy (“VH”) chain region comprising a CDRl having the amino 
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acid sequence of SEQ ID NO:8, a CDR2 having the amino acid 
sequence of SEQ ID NO:6 and a CDR3 having the amino acid 
sequence of SEQ ID NO:4. 

Ex. 1001, 45:11–25.  Claims 2–4 depend ultimately from claim 1.  Claim 2 

specifies that “the VL chain region of the anti-TNFα antibody has the amino 

acid sequence of SEQ ID NO:1 and the VH chain region of the anti-TNFα 

antibody has the amino acid sequence of SEQ ID NO:2.”  Id. at 45:26–29.  

Claim 3 specifies that the anti-TNFα antibody in the method of claim 2 “is 

administered for a period of at least 24 weeks,” and claim 4 specifies that the 

anti-TNFα antibody in the method of claim 1 “is administered for a period of 

at least 24 weeks.”  Id. at 45:30–31, 46:11–12.  Independent claim 5 recites a 

method that is similar to the method of claim 1, except that it recites 

“consisting of” instead of “comprising,” and further recites that the antibody 

is “administered in the form of a pharmaceutically acceptable composition.”  

Id. at 46:13–30.   

 
II. DISCUSSION 

Petitioner bears the burden of proving unpatentability of the 

challenged claims, and that burden never shifts to Patent Owner.  Dynamic 

Drinkware, LLC v. Nat’l Graphics, Inc., 800 F.3d 1375, 1378 (Fed. Cir. 

2015).  To prevail, Petitioner must establish the facts supporting its 

challenge that claims 1–5 of the ’135 patent are unpatentable as obvious 

over the combination of van de Putte 2000 and Rau 2000 by a 

preponderance of the evidence.  35 U.S.C. § 316(e); 37 C.F.R. § 42.1(d).  

We find that Petitioner has met its burden for all challenged claims 1–5.     
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 Level of Ordinary Skill 
In our Decision on Institution, we discussed, as described by each 

party, the level of ordinary skill in the art as of June 8, 2001, the priority date 

of the ’135 patent, and found that the two descriptions were not inconsistent.  

Inst. Dec. 9.  Specifically, we stated that 

Petitioner states that the level of skill in the art is a “practicing 
rheumatologist with a medical degree, roughly 3 years of 
experience treating RA patients, and some familiarity or 
experience with anti-TNFα antibodies and clinical trial 
procedures and design, including familiarity with basic 
pharmacokinetic concepts such as half-life.” Pet. 18 (citing 
Ex. 1003 ¶ 12).  Petitioner also includes a Declaration of 
Dr. Jusko, a pharmacokineticist.  Id. at 18–19; see Ex. 1004. 
Patent Owner asserts that one of skill in the art includes a Ph.D. 
pharmacokineticist with at least three years of experience 
working with biologic agents, which is consistent with 
Petitioner’s definition. Prelim. Resp. 17. 

Id. 
 Patent Owner asks that we adopt the definition of the level of ordinary 

skill in the art utilized by both the Petitioner and Patent Owner in the 

172 IPR that includes “the skill sets of both a physician treating RA patients 

and a pharmacokineticist with experience in monoclonal antibodies.  See 

Resp. 15–16; Coherus, Case IPR2016-00172, slip op. at 5–6.  Petitioner 

notes that “[t]o the extent that the level of ordinary skill would have included 

the skills of a pharmacokineticist, this Petition provides that perspective 

through the Declaration of Dr. Jusko (Ex. 1004), a world-renowned expert in 

this field.”  Pet. 18–19.  As both parties have applied a definition of the level 

of ordinary skill that includes a pharmacokineticist, and such a level of 

ordinary skill in the art is reflected in the sophistication of the technology 

and the educational level of those working in the field of the invention, we 
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adopt the level of ordinary skill in the art for the ’135 patent set forth in the 

172 IPR.  See In re GPAC, 57 F.2d 1573, 1579 (Fed. Cir. 1995) (setting 

forth factors to be considered in determining the level of ordinary skill in the 

art); Coherus, Case IPR2016-00172, slip op. at 5–6. 

 Claim Construction 
In an inter partes review, claim terms in an unexpired patent are 

interpreted according to their broadest reasonable construction in light of the 

specification of the patent in which they appear.  37 C.F.R. § 42.100(b); 

Cuozzo Speed Techs., LLC v. Lee, 136 S. Ct. 2131, 2144–46 (2016).  Under 

that standard, claim terms generally are given their ordinary and customary 

meaning, as would be understood by one of ordinary skill in the art in the 

context of the entire disclosure.  In re Translogic Tech., Inc., 504 F.3d 1249, 

1257 (Fed. Cir. 2007).  An inventor may rebut that presumption by 

providing a definition of the term in the specification with reasonable clarity, 

deliberateness, and precision.  In re Paulsen, 30 F.3d 1475, 1480 (Fed. Cir. 

1994).  In the absence of such a definition, limitations are not to be read 

from the specification into the claims.  In re Van Geuns, 988 F.2d 1181, 

1184 (Fed. Cir. 1993).    

In our Decision on Institution, we stated that “[a]lthough Petitioner 

asserts that we need not construe expressly any term for purposes of our 

institution decision, Petitioner relies on the explanation provided in the 

petition in IPR2016-00172 for the ordinary meaning of ‘method for treating 

rheumatoid arthritis,’ ‘every 13-15 days,’ and ‘pharmaceutically acceptable 

composition.’”  Inst. Dec. 5 (citing Pet. 19 (citing the 172 IPR Petition 14–

17)).  We found that such reliance was an improper incorporation by 

reference of arguments asserted in another petition, which we would not 
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consider.  See id. at 5; 37 C.F.R. § 42.6(a)(3) (“Arguments must not be 

incorporated by reference from one document into another document.”).   

We also discussed in our Decision on Institution the claim term “for a 

time period sufficient to treat the rheumatoid arthritis,” which Patent Owner 

asserted should be construed.  Inst. Dec. 5–7.  We disagreed with Patent 

Owner’s assertion that “for a time period sufficient to treat the rheumatoid 

arthritis” means “for a time period sufficient to reduce significantly the signs 

and symptoms of rheumatoid arthritis.”  See id. at 5–7.  We concluded for 

purposes of the decision on institution that we did not need to interpret 

expressly the claim term “for a time period sufficient to treat the rheumatoid 

arthritis,” but noted the claim term when read in light of the Specification of 

the ’135 patent did not require a particular level of efficacy.  Id. at 7. 

 In its Patent Owner Response, Patent Owner asserts that Petitioner 

does not meet its burden to show unpatentability of the challenged claims 

regardless of the construction of the phrase “for a time period sufficient to 

treat the rheumatoid arthritis” because the prior art teaches away from the 

claimed invention and a person of ordinary skill in the art “would have been 

motivated to pursue an effective treatment regimen, not one that merely 

provided baseline functionality.”  Resp. 16.  Patent Owner, nevertheless, 

reiterates its position that the term should mean “for a time period sufficient 

to reduce significantly the signs and symptoms of rheumatoid arthristis.”  Id. 

at 56. 

 Patent Owner explains that  

No clinician would consider himself or herself to be “treating” 
RA if there were no therapeutically meaningful reduction in the 
patient’s signs, symptoms, and disease progression.  Ex. 2071 ¶¶ 
21, 97–98, see Ex. 2025, 3 (fundamental goal as of 2001 was to 
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eliminate disease activity or control it to the fullest extent 
possible); Ex. 2070, 242:8–245:1.  If that were the case, then 
anything that had any effect on a patient’s symptoms, no matter 
how minimal or short-lived (for example, an analgesic or 
intoxicant), would constitute “treatment.”  Ex. 2071 ¶ 97.  That 
is simply not how a physician seeking to reduce the signs, 
symptoms, and disease progression would understand his or her 
clinical objective (both then and now).  Id. 

Resp. 55–56. 
Tellingly,  there is no citation to the Specification of the ’135 patent in 

Patent Owner’s proffered support.  See id. at 55–57; see also Reply 27 

(stating Patent Owner does not cite any new intrinsic evidence supporting its 

proposed construction).  The best source for determining the meaning of a 

claim term is the specification.  See In re Morris, 127 F.3d 1048, 1054 (Fed. 

Cir. 1997) (stating that “the PTO applies to the verbiage of the proposed 

claims the broadest reasonable meaning of the words in their ordinary usage 

as they would be understood by one of ordinary skill in the art, taking into 

account whatever enlightment by way of definitions or otherwise that may 

be afforded by the written description contained in the applicant’s 

specification”).   

As we noted in our Decision on Institution, in reviewing the claims in 

light of the language of the claims and the Specification of the ’135 patent, 

we found: 

In reviewing the claim language of claims 1 and 5, neither 
claim recites that any particular level of efficacy is required; each 
of these claims merely recites administering the antibody for a 
time sufficient to treat RA.  Consistent with that claim language, 
the Specification describes administering the antibody for 
therapeutic purposes to alleviate the symptoms and/or 
progression of disorders such as rheumatoid arthritis. See, e.g., 
Ex. 1001, 24:25–60. 
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Inst. Dec. 6. 

In the companion inter partes proceeding involving the ’135 patent, 

the 172 IPR, we discussed the meaning of the term “for a time period 

sufficient to treat the rheumatoid arthritis” citing extensively to the 

Specification of the ’135 patent.  See Coherus, Case IPR2016-00172, slip 

op. at 6–9 (Paper 60).  We adopt here the discussion and the findings set 

forth in that inter partes proceeding construing the claim term “for a time 

period sufficient to treat the rheumatoid arthritis.”   

The construction of this term, as set forth in the companion 

proceeding, i.e., “for a time period sufficient to reduce the signs, symptoms, 

and/or progression of RA,” is consistent with our Decision on Institution, 

where we stated that the claims do not require a particular level of efficacy, 

and is consistent with the description in the Specification of the ’135 patent 

of administering the antibody for therapeutic purposes to alleviate the 

symptoms and/or progression of RA.  See Ex. 1001, 24:25–60.  Nothing in 

Patent Owner’s discussion set forth above concerning its proffered 

construction alters our view that the claim term does not require a particular 

level of efficacy.   

As we found in the 172 IPR, Patent Owner’s proposed construction 

introduces ambiguity in the claims.  Patent Owner discusses “meaningful 

reduction” in or reducing “significantly” a patient’s signs, symptoms, and 

disease progression without providing any specific measure for achieving 

such a goal.  See Resp. 55–56.  We agree with the 172 IPR finding that such 

ambiguity arises because “Patent Owner’s construction does not indicate 

whether reducing ‘significantly’ the signs and symptoms of RA means that 

patients self-report better overall health status on a health survey, or that 
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patients must achieve an ACR20 response, or even an ACR70 response, or a 

combination of all of the reported outcome measures.”  Coherus, Case 

IPR2016-00172, slip op. at 9 (Paper 60).   

Therefore, consistent with our decision in the 172 IPR and with our 

Decision on Institution, we determine that the phrase “for a time period 

sufficient to treat the rheumatoid arthritis” does not require any particular 

level of efficacy and, under the broadest reasonable construction, means “for 

a time period sufficient to reduce the signs, symptoms, and/or progression of 

RA.” 

 Principles of Law 
A patent claim is unpatentable under 35 U.S.C. § 103(a) if the 

differences between the claimed subject matter and the prior art are such that 

the subject matter, as a whole, would have been obvious at the time the 

invention was made to a person having ordinary skill in the art to which said 

subject matter pertains.  KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 406 

(2007).  The question of obviousness is resolved on the basis of underlying 

factual determinations including:  (1) the scope and content of the prior art; 

(2) any differences between the claimed subject matter and the prior art; 

(3) the level of ordinary skill in the art; and (4) objective evidence of 

nonobviousness.  Graham v. John Deere Co., 383 U.S. 1, 17–18 (1966).   

In that regard, an obviousness analysis “need not seek out precise 

teachings directed to the specific subject matter of the challenged claim, for 

a court can take account of the inferences and creative steps that a person of 

ordinary skill in the art would employ.”  KSR, 550 U.S. at 418; see 

Translogic, 504 F.3d at 1259.  In KSR, the Supreme Court also stated that an 
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invention may be found obvious if trying a course of conduct would have 

been obvious to a person having ordinary skill: 

When there is a design need or market pressure to solve a 
problem and there are a finite number of identified, predictable 
solutions, a person of ordinary skill has good reason to pursue 
the known options within his or her technical grasp. If this leads 
to the anticipated success, it is likely the product not of 
innovation but of ordinary skill and common sense. In that 
instance the fact that a combination was obvious to try might 
show that it was obvious under § 103. 

550 U.S. 398, 421 (2007).  “KSR affirmed the logical inverse of this 

statement by stating that § 103 bars patentability unless ‘the improvement is 

more than the predictable use of prior art elements according to their 

established functions.’”  In re Kubin, 561 F.3d 1351, 1359−60 (Fed. Cir. 

2009) (citing KSR, 550 U.S. at 417). 

We analyze the asserted ground of unpatentability in accordance with 

the above-stated principles. 

 Obviousness over van de Putte 2000 and Rau 2000 
Petitioner contends that claims 1–5 are unpatentable under 35 U.S.C. 

§ 103 as obvious over van de Putte 2000 and Rau 2000.  Pet. 20–51.  

Petitioner asserts that van de Putte 2000 expressly teaches each limitation of 

claims 1–5 except for every-other-week administration.  Id. at 2, 20.  

Petitioner asserts that Rau 2000 provides that missing teaching.  Id.  Even 

without the teachings of Rau 2000, Petitioner offers that “a person of 

ordinary skill in the art would have tried administering the van de Putte 2000 

doses on an every-other-week basis.”  Id. at 2 (quoting Hoffman-La Roche 

Inc. v. Apotex Inc., 748 F.3d 1326, 1329 (Fed. Cir.) (“A relatively infrequent 
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dosing schedule has long been viewed as a potential solution to the problem 

of patient compliance.”), cert. denied, 135 S. Ct. 878 (2014)).  

Patent Owner counters that “the clinical and pharmacokinetic (“PK”) 

data in the prior art taught away from the claimed invention because a POSA 

would have believed that the claimed dosing regimen would result in drug 

concentration levels that were too low to treat rheumatoid arthritis (“RA”).”  

Resp. 1–2.  Therefore, the claimed invention would not have resulted from 

routine optimization or have been obvious to try in light of such a teaching 

away.  Id. at 4.  

1. van de Putte 2000 
van de Putte 2000 describes the results of a dose-finding phase II 

study that compared three dose levels of D2E7 and placebo over three and 

six months in patients with long-standing active RA.  Ex. 1009, 2.  In the 

study, patients received “weekly [fixed] doses of either D2E7 at 20, 40, [or] 

80 mg or placebo by subcutaneous (s.c.) self injection for 3 months.”  Id.  

van de Putte 2000 reports the percentage of patients receiving an ACR 204 

response, as well as the median percent improvement in tender joint count 

(“TJC”), swollen joint count (“SWJC”), and C-reactive protein level 

                                           
4 ACR 20 is short hand for the American College of Rheumatology 
improvement criteria.  Ex. 1011, 4.  “[T]o be classified as a responder 
according to ACR 20 criteria, patients must demonstrate:  (1) greater than or 
equal to 20% improvement in swollen joint count; (2) greater than or equal 
to 20% improvement in tender joint count and; (3) at least 20% 
improvement in three of five other measures (patient global assessment of 
disease activity, physician global assessment of disease activity, patient 
assessment of pain, an acute phase reactant (for example, erythrocyte 
sedimentation rate (ESR) or C reactive protein), and a measure of disability . 
. . .”  Id.; see Ex. 1003 ¶ 19; Ex. 2071 ¶ 41. 
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(“CRP”) for each of the dosing regimens and placebo after three and six 

months of treatment. 

The results are reproduced below. 

 
Id.  The table above shows the results of the clinical study described in van 

de Putte 2000 after three and six months of treatment.  Based on the results, 

van de Putte 2000 concludes that “[f]or all efficacy parameters studied, all 

doses of D2E7 were statistically significantly superior to placebo 

(p < 0.001)” and that “20, 40, and 80 mg/week were statistically equally 

efficacious when given s.c. in patients with active RA.”  Id. 

2. Rau 2000 
Rau 2000 discusses the D2E7 clinical trials DE001, DE003, DE004, 

DE007, and DE010.  See Ex. 1012; Ex. 1003 ¶ 31.  Rau 2000 concludes as 

follows: 

In summary, it can be established that the completely 
human TNFα antibody D2E7 is quickly (within the space of 
days) effective in the majority of patients, and has not lost its 
efficacy in the course of long-term treatment over, up to now, 
two and one-half years.  D2E7, with a half-life of 12 days, can 
be administered every two weeks as an intravenous injection 
over 3-5 minutes or subcutaneously.  D2E7 is well tolerated and 
must be called a therapeutic step forward. 

Ex. 1012, 8. 
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3. Analysis 
In reviewing the parties’ arguments and evidence as set forth in the 

complete record before us in light of the principles of law set forth above, 

we determine that Petitioner has shown by a preponderance of evidence that 

claims 1–5 are unpatentable. 

a. The prior art discloses or suggests each and every element 
of the challenged claims 

Petitioner asserts that the combined teachings of van de Putte 2000 

and Rau 2000 disclose or suggest each element of the challenged claims.  

Pet. 20–44 (mapping the language of the claims to the disclosures of van de 

Putte 2000 and Rau 2000).  In particular, Petitioner argues that “[t]he only 

claim feature not expressly disclosed in van de Putte 2000 is every-other-

week dosing.  Rau 2000, however, expressly teaches this feature, and one of 

ordinary skill would have arrived at the claimed invention in light of the 

teachings of van de Putte 2000 and Rau 2000.”  Pet. 21 (citing Ex. 1003 

¶¶ 34–51; Ex. 1004 ¶¶ 15–24). 

Patent Owner does not challenge Petitioner’s showing that the prior 

art discloses each element of claims 1–5.  See generally Resp.; Reply 1, 3 

(citing Resp. 17–50).  Based on the full trial record, we determine that van 

de Putte 2000 and Rau 2000 collectively disclose each limitation of the 

challenged claims.  First, we agree with Petitioner that van de Putte discloses 

all of the elements of all challenged claims 1–5, except for biweekly dosing.  

As explained above, van de Putte 2000 discloses a study in which RA 

patients received weekly doses of 20, 40, or 80 mg of D2E7 via 

subcutaneous self-administration over the course of six months (meeting the 
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24-week administration period requirement of claims 3 and 4).  Ex. 1009, 2.5  

The D2E7, therefore, was administered in a pharmaceutically acceptable 

composition.   

van de Putte 2000 also specifically reported on the efficacy of each of 

the doses, including the 20 mg dose, for the six month time period of 

treatment meeting the “for a time period sufficient to treat the rheumatoid 

arthritis” requirement.  van de Putte states: 

For all efficacy parameters studied, all doses of D2E7 
were statistically significantly superior to placebo (p<0.001), 20, 
40 and 80 mg/week were statistically equally efficacious when 
given s.c. in patients with active RA.  The treatment benefit was 
stable for all parameters over time. 

Ex. 1009, 2 see Pet. 40 (citing Rau 2000 also to show similar results from 

other clinical studies); Ex. 1003 ¶¶ 29–30 (stating six-month extended study 

of van de Putte 2000 “showed that subcutaneous administration of D2E7 at 

20, 40, and 80 mg weekly doses remained effective” and the “same 

conclusion held after 12 months of D2E7 treatment”) (citing Ex. 1010, 5); 

id. at ¶ 31 (discussing Rau 2000’s confirmation that D2E7 is quickly 

effective in a majority of patients and “has not lost its efficacy in the course 

of long-term treatment over, up to now, two and one-half years”); Ex. 1004 

¶¶ 17–20.   

Petitioner also provides evidence, which we credit, that “the increase 

in ACR20 responses for each dose reported in van de Putte 2000 during the 

first three months of the study, relative to ACR20 placebo responses, would 

                                           
5 Placebo was also given in a fourth arm of the study for the first three 
months, but “[a]fter month 3 placebo treated patients were given still blinded 
40 mg D2E7 weekly, while all other doses were continued as randomized.”  
Ex. 1009, 2. 
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have demonstrated the clinical effectiveness of each dose to a person of 

ordinary skill in the art.”  Pet. 23 (citing Ex. 1003 ¶¶ 36–37).  Petitioner 

supports this conclusion with evidence from FDA’s approval of infliximab 

where the ACR20 response ranged from 30 to 38%.  See Ex. 1015, 26; 

Ex. 1003 ¶ 36. 

Further, D2E7 is a known recombinant human anti-TNFα antibody 

having the six CDRs and heavy chain constant region recited in claims 1 and 

5, and the amino acid sequences for the variable light and variable heavy 

chain regions recited in claim 2.  Ex. 1001, 3:28–38 (explaining that D2E7 is 

“described in U.S. Pat. No. 6,090,382, incorporated in its entirety herein by 

reference”); see Ex. 1025, 2:59–67.   

Petitioner also shows, by a preponderance of the evidence, that 

Rau 2000 accounts for the differences between van de Putte 2000 and the 

recited biweekly dosing frequency required by all of the challenged claims.  

Specifically, Rau 2000 describes a study in which patients received D2E7 

via intravenous injection every two weeks.  Ex. 1012, 5, 6–7, Figs. 4, 5 

(showing 2-week interval dosing); see Ex. 1003 ¶ 42.  We also agree with 

Petitioner that “[a]fter reporting efficacy for every-other-week doses, 

Rau 2000 concludes that D2E7 can be administered every other week 

intravenously or subcutaneously,”  Pet. 27 (citing Ex. 1012, 8, Ex. 1003 

¶ 42), and “Rau 2000 explains that D2E7 can be administered every other 

week because D2E7 has a ‘half-life of 12 days’, which would have 

suggested to a person of ordinary skill in the art that D2E7 concentrations 

would have remained high enough to achieve clinical results over two 

weeks,” id. at 27–28 (citing Ex. 1012, 8, Ex. 1003 ¶¶ 43–45).  Rau 2000 

expressly concludes that “D2E7, with a half-life of 12 days, can be 
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administered every two weeks as an intravenous injection over 3-5 minutes 

or subcutaneously.”  Ex. 1012, 8; see Pet. 23–24. 

b. Motivation to dose 40 mg every 13–15 days subcutaneously 
and reasonable expectation of success in treating RA   

Even “[i]f all elements of the claims are found in a combination of 

prior art references,” “the factfinder should further consider whether a 

person of ordinary skill in the art would [have been] motivated to combine 

those references, and whether in making that combination, a person of 

ordinary skill would have [had] a reasonable expectation of success.”  Merck 

& Cie v. Gnosis S.p.A., 808 F.3d 829, 833 (Fed. Cir. 2015).  The “motivation 

to combine” and “reasonable expectation of success” factors are subsidiary 

requirements for obviousness subsumed within the Graham factors.  Pfizer, 

Inc. v. Apotex, Inc., 480 F.3d 1348, 1361 (Fed. Cir. 2007). 

Petitioner states that one of skill in the art at the time of the invention 

would have combined the teachings of van de Putte 2000 and Rau 2000 to 

arrive at the claimed invention because 

First, a person of ordinary skill in the art would have been 
motivated to optimize the van de Putte 2000 subcutaneous dosing 
regimens because each dosing regimen was determined to be 
effective in treating RA.  Second, Rau 2000 would have provided 
motivation to optimize the van de Putte 2000 doses to a less 
frequent every-other-week dosing interval.  Specifically, Rau 
2000 explains that “D2E7, with a half-life of 12 days, can be 
administered every two weeks as an intravenous injection over 
3-5 minutes or subcutaneously.”  Third, the claimed dosing 
regimen was at a minimum one of a finite number of options that 
a person of ordinary skill in the art would have considered 
pursuing, and therefore would have been obvious to try. 

Pet. 21–22 (citations omitted); see Ex. 1003 ¶¶ 34–51; Ex. 1004 ¶¶ 15–24. 

 Petitioner asserts that the  
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efficacy of the weekly 20 mg dose reported in van de Putte 2000 
would have at least suggested that an analogous, every-other-
week 40 mg dose would have been an option worth investigating 
in light of Rau 2000.  And a person of ordinary skill would have 
been particularly attracted to pursuing an every-other-week 
equivalent (i.e., 40 mg) of the lowest weekly dose (i.e., 20 mg) 
that had been shown to be efficacious in the prior art.”   

Pet. 26–27 (citing Ex. 1003 ¶¶ 50–51).  Petitioner points out that Rau 2000 

expressly suggests pursuing every-other-week equivalents of the van de 

Putte 2000 weekly doses for treating RA because Rau 2000 describes the 

DE003 study where patients initially received every-other-week intravenous 

administration of D2E7 and subsequently were administered D2E7 only 

after symptoms reappeared, with a minimum two-week interval.  Id. at 27 

(citing Ex. 1003 ¶¶ 42–48; Ex. 1012, 5). 

Petitioner also points out that after reporting efficacy for every-other-

week doses, id. (citing Ex. 1012, 6–7, Figs. 4, 5), “Rau 2000 concludes that 

D2E7 can be administered every other week intravenously or 

subcutaneously.”  Id. (citing Ex. 1012, 8; Ex. 1003 ¶ 4). Specifically, 

Petitioner states that 

Rau 2000 explains that D2E7 can be administered every other 
week because D2E7 has a “half-life of 12 days”, which would 
have suggested to a person of ordinary skill in the art that D2E7 
concentrations would have remained high enough to achieve 
clinical results over two weeks.  This is consistent with Rau 
2000’s conclusion:  “D2E7, with a half-life of 12 days, can be 
administered every two weeks as an intravenous injection over 
3-5 minutes or subcutaneously.” 

Pet 27–28 (citing Ex. 1012, 8; Ex. 1003 ¶¶ 43–47).  Petitioner also asserts 

that this conclusion is supported by D2E7’s linear pharmacokinetics.  Id. at 

30–31 (citing Ex. 1004 ¶¶ 23–25).  Petitioner concludes that, given the finite 

number of options, administering 40 mg every 13–15 days to treat RA would 
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have been obvious to try with a reasonable expectation of success in view of 

the three fixed doses disclosed in van de Putte 2000.  Pet. 31–33 (citing 

Ex. 1003 ¶¶ 41, 48–51). 

 Patent Owner responds that a person of skill in the art would not have 

been motivated to optimize the dosing regimens in the prior art to arrive at 

the claimed invention, nor would one of skill have expected that the claimed 

dosing regimen would work, because the prior art teaches away from the 

claimed invention, and “a POSA would have been motivated to pursue an 

effective treatment regimen, not one that merely provided baseline 

functionality.”  Resp. 1, 4, 16 (citing Yamanouchi Pharm. Co. v. Danbury 

Pharmacal, Inc., 231 F.3d 1339, 1345 (Fed. Cir. 2000) (expectation that 

modification of compound would have achieved “baseline level” of 

functionality insufficient to show motivation)).  To show such lack of 

motivation or reasonable expectation of success, Patent Owner points to the 

primary study as described in Rau 2000 where “every single patient 

receiving the 0.5 mg/kg dose was switched to a higher dose by 12 weeks 

after the trial began (or withdrew from the study altogether) because the 

0.5mg/kg dose did not work.”  Id. at 2; see also id. at 19–25 (providing 

additional arguments why Rau 2000 teaches away); id. at 25–27 (asserting 

that van de Putte 2000 also teaches away from the claimed dosing regimen). 

Patent Owner also refutes Petitioner’s reliance on a comparison 

between the drug concentrations resulting from the weekly doses disclosed 

in van de Putte 2000 and the claimed 40mg every-other-week dose stating 

“Petitioner’s oversimplification of the amount of D2E7 antibody in the body 

after two weeks is incorrect and ignores the multiple, complex PK 

parameters involved in predicting drug concentration at steady state.”  Id. 
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at 3.  According to Patent Owner, such oversimplification ignores lower 

troughs of drug concentration for an every-other-week dose that would have 

raised both efficacy and safety concerns.  Id. at 3, 27–34; see also id. at 42–

44 (discussing doubling dose and interval between doses can result in 

ineffectiveness regardless of linear pharmacokinetics of D2E7).  Patent 

Owner also questions the importance that Petitioner places on the half-life of 

D2E7 in its obviousness analysis.  Id. at 38–42.  Patent Owner posits that “in 

the absence of additional PK or PD data, designing a dosing regimen to be 

the same [interval] as a drug’s half-life ensures substantial fluctuations of 

drug concentrations, which are often undesirable.”  Id. at 40–41. 

Patent Owner further asserts that a person of ordinary skill in the art 

would have been concerned about under-dosing producing anti-drug 

antibodies (“ADAs”).  Id. at 3, 34–38.  Patent Owner presents evidence of 

commercial success, satisfaction of a long-felt need for new RA therapies, 

and unexpected results.  Id. at 4–5.  Specifically, Patent Owner states that 

“HUMIRA® also satisfied the need for an anti-TNFα therapy that could be 

safely self-administered at home, that did not require weight-based 

calculations of dose amount, and that maximized patient comfort and 

convenience by limiting the number of injections.”  Id. at 15.  Patent Owner 

supports its position with testimony from several declarants, including 

Dr. Gibofsky and Dr. Vinks.   

(1) Fixed, subcutaneous dosing 
With respect to type of dose and administration, Petitioner asserts that 

van de Putte 2000’s dosing regimen reflects the well-known advantages of 

subcutaneous administration over other forms of administration (e.g., 
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intravenous dosing), and fixed dosing over weight-based dosing.  Pet. 20–21 

(citing Ex. 1009, 2; Ex. 1003 ¶¶ 29–31).  Petitioner also states that  

[e]ven in early phase I clinical studies, D2E7 was reported in 
Rau 2000 to be ‘effective subcutaneously.’  In the DE007 
study reported in van de Putte 2000, patients suffering from 
‘long standing active rheumatoid arthritis’ were given doses 
of ‘either D2E7 at 20, 40, 80 mg or placebo by subcutaneous 
(s.c.) self injection’ for six months.   

Id. (citations omitted). 

Patent Owner does not challenge Petitioner’s showings in this regard, 

see generally Resp.,6 and we agree with Petitioner that the record establishes 

by a preponderance of the evidence that the ordinarily skilled artisan would 

have had a reason to select subcutaneous, fixed dosing and a reasonable 

expectation of success in achieving a subcutaneous fixed dose.  For example, 

Petitioner points to evidence that subcutaneous dosing would have been 

more convenient and less expensive for patients because they can self-

administer the dose in a short amount of time.  Pet. 13–14; Ex. 1003 ¶ 41; 

Ex. 2081, 7 (stating that “[i]n general, subcutaneous administration is more 

desirable for doctors and patients than intravenous administration” because 

subcutaneous administration “can be accomplished in minutes” and “can be 

performed practically anywhere without catheterization” (i.e., it does not 

require hospital visits like intravenous administration does)).   

Dr. Weisman testifies that fixed subcutaneous doses would have been 

desirable and considered in designing a dosing regimen because of well-

                                           
6 Patent Owner does question the expected drug levels for subcutaneous 
administration of a 40 mg fixed dose as compared to intravenous 
administration of a 0.5mg/kg dose as disclosed in Rau 2000 because of the 
loss of drug through absorption.  Resp. at 20 and n.6.   
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known clinical considerations.  Ex. 1003 ¶ 41.  Specifically, Dr. Weisman 

states: 

Once properly instructed, a patient can self-administer a 
fixed subcutaneous dose in the privacy of their own home.  
Subcutaneous administration avoids complications that can 
occur with intravenous administration (e.g., thrombosis or 
problems at the site of administration).  As the ’135 patent 
acknowledges, subcutaneous administration of D2E7 was known 
in the relevant time period to be “advantageous” because it “is 
convenient for both patient and the health care provider.”  (Ex. 
1001, 2:66–3:2).  In addition, at-home subcutaneous 
administration costs significantly less than receiving intravenous 
administration in a doctor’s office or clinic.  Finally, a fixed dose 
is preferred over a weight-based dose because fixed doses avoid 
the need to calculate dosage for each patient and the potential for 
dosing errors.  Even Patent Owner acknowledged during 
prosecution, through the declaration of Dr. Janet Pope, that 
“patients’ ability to self-administer a one-size-fits-all dose by 
subcutaneous injection using a pre-filled syringe at home was a 
game changer.”  (Ex. 1002 (Pope Decl.) 1161 ¶ 52.) 

Id.; see also Ex. 1025, 22:65–23:1 (“[I]t is especially advantageous to 

formulate parenteral compositions in dosage unit form for ease of 

administration and uniformity of dosage.”).  Finally, we note that patients in 

the clinical study described in van de Putte 2000 were receiving 

subcutaneous fixed doses, and Rau 2000 concluded in light of results from 

phase 1 study DE004 that D2E7 is also effective subcutaneously.  Ex. 1009, 

2; Ex. 1012, 7; Ex. 1008, 6; see Ex. 1003 ¶¶ 34–41; Ex. 1004 ¶¶ 15, 19, 19 

n.4; Ex. 2069, 78:9–81:5 (explaining advantages of subcutaneous dosing).   

(2)  Biweekly administration of a 40 mg dose  
With respect to dose selection and dosing interval, Petitioner presents 

several arguments why a skilled artisan would have had a reason to modify 

the van de Putte 2000 dosing regimen to administer a 40 mg dose on a 
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biweekly schedule and expect success in treating RA with that regimen.  

These arguments include the efficacy determination for all subcutaneous 

dosing regimens set forth in van de Putte 2000, and the express teaching of 

Rau 2000 of a two-week interval for dosing, in addition to Rau 2000’s 

teaching that “D2E7, with a half-life of 12 days, can be administered every 

two weeks as an intravenous injection over 3-5 minutes or subcutaneously.”  

Pet 21–22 (citations omitted).  Petitioner also supports its obviousness 

assertion stating that “the claimed dosing regimen was at a minimum one of 

a finite number of options that a person of ordinary skill in the art would 

have considered pursuing, and therefore would have been obvious to try.”  

Id. at 22 (citations omitted).   

One question before us then, is whether a person of ordinary skill in 

the art would have had a reason to modify van de Putte 2000’s 20 mg 

weekly dose to a 40 mg biweekly dose based on the express teaching of Rau 

2000 of a two-week interval for dosing, in addition to Rau 2000’s teaching 

of D2E7’s 12-day half-life.  As with other factual questions, Petitioner bears 

the burden of proving that the skilled artisan would have been motivated to 

modify the dosing regimen of van de Putte 2000 to arrive at the claimed 

invention.  In re Magnum Oil Tools Int’l, 829 F.3d 1364, 1375 (Fed. Cir. 

2016) (burden-shifting “does not apply in the adjudicatory context of an 

IPR”).  As explained below, we are persuaded by Petitioner’s arguments that 

it has carried this burden.   

After reviewing the entire record developed during trial, we find that 

Petitioner has carried its burden to show that a person of ordinary skill in the 

art would have been so motivated.  Petitioner asserts that one of skill in the 

art would have arrived at the claimed dosing regimen as the result of routine 
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optimization because “[t]he efficacy of the weekly 20 mg dose [of D2E7] 

reported in van de Putte 2000 would have at least suggested that an 

analogous, every-other-week 40 mg dose would have been an option worth 

investigating in light of Rau 2000” regardless of whether it was the most 

efficacious dose tested or not.  Pet. 26–27 (citing Ex. 1003 ¶¶ 50–51).  

Petitioner further asserts that Rau 2000 expressly suggests pursuing every-

other-week equivalents of the van de Putte 2000 weekly doses for treating 

RA, id. at 27 (citing Ex. 1003 ¶¶ 42–48), and that “[a]fter reporting efficacy 

for every-other-week doses, (see, e.g., [Ex. 1012,] 6-7 Figs 4-5), Rau 2000 

concludes that D2E7 can be administered every other week intravenously or 

subcutaneously.”  Pet. 27 (citing Ex. 1012, 8; Ex. 1003 ¶ 42).   

Petitioner concludes that the 12-day half-life as described in Rau 2000 

“would have suggested to a person or ordinary skill in the art that D2E7 

concentrations would have remained high enough to achieve clinical results 

over two weeks,”  Id. at 27–28 (citing Ex. 1012, 8; Ex. 1003 ¶ 43), and a 

person of ordinary skill in the art would have understood from the 12-day 

half-life of DE27 that a 40 mg every-other-week dose would be equivalent 

to van de Putte 2000’s clinically effective 20 mg weekly dose “because the 

approximate amount of D2E7 circulating in the body two weeks after 

administering a 40 mg dose would have been roughly one half of that dose” 

or approximately 20 mg.  Pet. 28 (citing Ex. 1003 ¶¶ 35–41; Ex. 1004 ¶¶ 17–

20).  We agree with Petitioner’s analysis that one of skill in the art would 

have been motivated to modify van de Putte 2000’s 20 mg weekly dose to a 

40 mg biweekly dose based on the express teaching of Rau 2000 of a two-

week interval for dosing, in addition to Rau 2000’s teaching of D2E7’s 

12-day half-life. 
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Patent Owner asserts that the prior art teaches away from the claimed 

invention.  Specifically, Patent Owner argues that one of ordinary skill in the 

art would not have relied on Rau 2000 to teach every-other-week dosing for 

van de Putte 2000’s 20 mg dose because the study in Rau 2000 upon which 

Petitioner relies “shows that every-other-week administration of 0.5mg/kg 

dose (the weight-based dose Petitioner contends is equivalent to a fixed 40 

mg dose)7 was insufficient to treat RA across a patient population.”  Resp. 

19.  Patent Owner relies on statements in Kempeni8 about the DE003 trial 

where “patients who did not respond well after 0.5 or 1 mg/kg received 

higher doses of up to a maximum of 3 mg/kg.”  Resp. 20 (quoting Ex. 1011, 

4).  Patent Owner points out that Kempeni also states that, in the DE004 

trial, the “dose of D2E7 [of 0.5mg/kg] was increased to 1 mg/kg 

subcutaneously weekly for non-responders or those losing their responder 

status.”  Id. at 20–21 (quoting Ex. 1011, 5).  

Patent Owner further relies on two figures in Rau 2000, shown below, 

reporting two outcome measures for the DE003 study, Figure 4 reporting 

Disease Activity Score (“DAS”) and Figure 5 reporting the erythrocyte 

                                           
7 Dr. Vinks testifies that a 0.5 mg/kg dose is equivalent to a 40 mg fixed 
dose for an 80 kg (i.e., average) patient.  Ex. 1049, 159:4–160:1.  Counsel 
for Patent Owner clarifies that Patent Owner does not dispute, as a best case, 
Petitioner’s contention that the 0.5 mg/kg intravenous dose is roughly 
equivalent to the 40 mg subcutaneous dose.  Tr. 60:7–24.   
8 Joachim Kempeni, Preliminary Results of early clinical trials with the 
Fully Human Anti-TNFα Monoclonal Antibody D2E7, 58 ANN. RHEUM DIS. 
170–172 (1999) (Ex. 1011, “Kempeni”). 

Appx160

Case: 17-2304      Document: 36     Page: 226     Filed: 12/13/2017



IPR2016-00408 
Patent 8,889,135 B2 
 

27 
 

sedimentation rate (“ESR”).  Id. at 21–22.9 

 

 
Resp. 22 (annotated by Patent Owner).  Figure 4 set forth above shows the 

mean value of DAS for which the baseline value is 100 percent, and Figure 5 

set forth above shows the mean value of ESR during Study DE001/003 for 

which the baseline value is 100 percent.  Ex. 1012, 6–7. 

                                           
9 The Disease Activity Score or DAS measures disease activity as a 
composite score of tender joints, swollen joints, erythrocyte sedimentation 
rate or ESR, and the patient’s assessment of health as measured on a visual 
analogue scale.  Ex. 1011, 4; Ex. 2071 ¶ 42. 
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 Patent Owner states that one of skill in the art would understand the 

following about the 0.5mg/kg dose set forth in both Figures 4 and 5. 

Although the graphs extend beyond 12 weeks, in both Figures 4 
and 5, the data for the 0.5mg/kg line ends at 12 weeks (unlike all 
of the other administered doses).  Ex. 2158, 6-7, Figs. 4 and 5; 
Ex. 2071 ¶73; see Ex. 2070, 65:17-67:21, 69:11-17, 70:1-17 
(acknowledging that termination of the 0.5mg/kg line in 
Figures 4 and 5 “indicates that nobody received the .5mg/kg dose 
after week 12”) (emphasis added). A POSA reviewing the prior 
art would have understood that all of the patients in the DE003 
study were up-dosed after 12 weeks (or withdrew from the study 
altogether) because the 0.5mg/kg dose was insufficient. Ex. 2071 
¶73; Ex. 2075 ¶157. Consistent with this data, Rau 2000 
unambiguously states that only doses greater than 1mg/kg (i.e., 
greater than an 80mg fixed dose) provided longterm efficacy. Ex. 
1012, 4; Ex. 2075 ¶86. 

Resp. 22–23.  Patent Owner concludes that “[g]iven its burden of proof, 

Petitioner’s case fails because the prior art shows that the 0.5mg/kg dose is 

ineffective.”  Id. at 24. 

 Patent Owner also states that the data in van de Putte 2000 showed 

that the 20 mg/kg dose was sub-optimal.  Resp. 25–26 (citing Ex. 1009, 2; 

Ex. 1010, 5, Ex. 2075 ¶¶ 92–93; Ex. 2071 ¶¶ 61–62).  Patent Owner 

provides the following graph to illustrate its point. 
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Resp. 26 (citing Ex. 2071 ¶ 62).   

Patent Owner’s declarant, Dr. Gibofsky, states that the graph set forth 

above shows the following. 

The difference between 20 mg and the higher doses 
becomes even more evident at 12 months, where the percentage 
of patients receiving 40 and 80 mg weekly doses was numerically 
superior for every clinical measure outcome compared to 20 mg 
weekly.  Ex. 1010 (van de Putte 2000b), 5.  Significantly, the 
patients in the 40 mg weekly group showed a 72% improvement 
in ACR 50 values compared to patients in the 20 mg weekly 
group.  See id.  This means that more patients receiving the 40 
mg weekly dose achieved a greater extent of improvement (i.e., 
at least 50% as measured by the ACR improvement criteria), 
compared to patients receiving the 20 mg weekly dose.  

Ex. 2071 ¶ 62. 

We do not agree with Patent Owner’s assessment of what the art 

teaches one of skill in the art.  We agree with Petitioner that Patent Owner’s 

response to Petitioner’s assertions of obviousness, at bottom, relies on an 

interpretation of the claim phrase “for a time period sufficient to treat the 

rheumatoid arthritis” with which we do not agree, namely, that this claim 
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phrase requires a significant reduction in the signs and symptoms of RA.  

See Reply 1–2 (stating Patent Owner “overlooks that neither obviousness 

nor the claims require the single most effective dose”).  As we have stated, 

see supra Section II.B., the claims do not require a particular level of 

efficacy, but only reduction of the signs, symptoms, and/or progression of 

RA; therefore, we do not agree with Patent Owner’s arguments that the art 

teaches away from the claimed invention because other doses could be 

deemed of superior efficacy to the claimed dose. 

  A reference teaches away from the claimed invention if it criticizes, 

discredits, or would have discouraged a person of ordinary skill in the art 

from “following the path set out in the reference,” or if a person of ordinary 

skill “would [have been] led in a direction divergent from the path that was 

taken by the applicant.”  In re Gurley, 27 F.3d 551, 553 (Fed. Cir. 1994); see 

In re Fulton, 391 F.3d 1195, 1201 (Fed. Cir. 2004).  The mere disclosure of 

alternative designs, however, does not teach away.  In re Mouttet, 686 F.3d 

1322, 1333–34 (Fed. Cir. 2012).   

Patent Owner fails to view what the references as a whole teach one 

of skill in the art.  First, van de Putte does teach long-term (up to 

12 months), subcutaneous administration of fixed doses, 20/40/80 mg doses, 

of D2E7.  Ex. 1009, 2; Ex. 1010, 5; Ex. 1037, 159:10–160:20.  Patent Owner 

attempts to make efficacy comparisons between these doses as explained 

above, see Resp. 25–27, but as Dr. Weisman testifies and Dr. Gibofsky and 

Patent Owner agree, these studies were “not powered to provide statistically 

meaningful comparisons between doses.”  Id. at 12; Ex. 2071 ¶ 59 (stating a 

“POSA would have known that the study was not designed to provide 

statistically meaningful comparisons between doses, a point Dr. Weisman 
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does not appear to dispute”); Ex. 1037, 155:11–160:20; Ex. 1003 ¶ 38 

(stating “the data in van de Putte 2000 suggests that each dose was superior 

to placebo, but not that any dose was better or worse than another dose”). 

Rau 2000 describes the DE001/DE003 clinical study and results of 

that study.  Ex. 1012, 5–7, Figs. 2–5.  Rau 2000 also discloses that, in 

DE001, patients received an initial dose of 0.5 mg/kg, 1 mg/kg, 3 mg/kg, 

5 mg/kg, 10 mg/kg of D2E7, or placebo intravenously.  Ex. 1012, 5.  

Patients then entered the open label phase of the study, DE003, and received 

a second injection four weeks after the first injection.  Id.; see Ex. 1011, 2 

(Kempeni describing the transition from DE001 to DE003).  Patients 

subsequently were administered injections when disease activity increased, 

at a minimum interval of two weeks.  Ex. 1012, 5.  In the abstract, Rau 2000 

describes the DE003 study as a clinical trial in which “D2E7 was given in 

doses of 0.5–10 mg/kg [intravenously] over 3–5 minutes every two weeks 

over a time period of now 1½ years.”  Id. at 4.   

Thus, far from criticizing, discrediting, or discouraging the person of 

ordinary skill from pursuing a biweekly regimen, Rau 2000 expressly 

discloses such dosing frequency.  See also Ex. 1011, 4 (stating in DE003 

study, patients received 0.5 to 10 mg/kg of D2E7 intravenously “every two 

weeks” until DAS responses could be rated as “good”).  By the same token, 

Rau 2000’s conclusion that “D2E7, with a half-life of 12 days, can be 

administered every two weeks as an intravenous injection over 3-5 minutes 

or subcutaneously” does not specify any particular dosage level, much less 

exclude any dosage level described in Rau 2000 to provide a teaching away.  

See Ex. 1012, 8.   
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We do note, as Patent Owner points out, that in discussing the 

DE001/003 studies, Rau 2000 states that one and a half years of treatment 

every two weeks intravenously with D2E7, which included a 0.5 mg/kg 

D2E7 dose, “resulted in an impressive statistically significant and long-

lasting reduction of disease activity (moderate DAS response in 80%, 

decrease in the number of swollen and tender joints and the ESR > 50%) 

with all doses > 1 (3) mg/kg body weight.”  Ex. 1012, 4; see Resp. 23 (citing 

Ex. 2075 ¶ 86).  Again, Patent Owner asks us to infer a conclusion that one 

of skill in the art would read this statement to mean that a 40 mg fixed-dose 

of D2E7 would be insufficient to treat RA from the absence of this dose in 

this statement in Rau 2000.  See Ex. 2075 ¶ 86.  We do not agree with such a 

conclusion. 

First, a later prior art study, Weisman,10 tested a biweekly 0.5 mg/kg 

dose of D2E7 (and even a 0.25mg/kg dose), given in combination with 

methotrexate, and concluded that D2E7 “is well tolerated, safe and 

efficacious when given in combination with MTX in patients with 

longstanding RA.”  Ex. 1014, 5.  It appears counterintuitive to test a dosage 

that previously had been determined to be ineffective, as was done in 

Weisman.  We also agree with Petitioner that the prior art as a whole does 

not support a conclusion by one of skill in the art that the 0.5 mg/kg 

biweekly dose of D2E7 was ineffective.  See Reply 7 (citing Ex. 1006, 5; 

Ex. 1007, 5; Ex. 1011, 4; Ex. 1029, 3–4; Ex. 1056, 3). 

                                           
10 Michael Weisman et al., A Dose Escalation Study Designed to 
Demonstrate the Safety, Tolerability and Efficacy of the Fully Human Anti-
TNF Antibody, D2E7, Given in Combination with Methotrexate (MTX) in 
Patients with Active RA, 43 ARTHRITIS & RHEUM. S228 (2000) (Supp.) 
(Ex. 1014, “Weisman”). 
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Also, Patent Owner’s assertion that all patients receiving a 0.5 mg/kg 

dose in Rau 2000 were up-dosed because such a dose was ineffective is not 

supported by any affirmative statement in Rau 2000 to that effect.  See 

Ex. 1012, 6–7 (showing 0.5mg/kg dose was effective at treating RA through 

12 weeks); Ex. 2070, 63:13–64:17; Ex. 1037, 122:18–125:7.  Kempeni 

states that up-dosing was provided to patients “who did not respond well,” 

i.e., a response that could be rated as “good.”  Ex. 1011, 4.  Thus, those 

patients who achieved a moderate response may have been up-dosed, which 

would not mean that the lower dose was ineffective.  See Ex. 1055, 29 

(showing Remicade may be up-dosed for certain patients); Ex. 1038, 197:1–

204:14.  Further, Kempeni concludes that “long term intravenous treatment 

with D2E7 in the dose range from 0.5 to 10 mg/kg was well tolerated.”  

Ex. 1011, 2; see also Ex. 1005 (describing the DE010 study, in which 

patients received 1 mg/kg intravenous or subcutaneous initial doses of 

D2E7, followed by an open label phase of subcutaneous injections of 

1 mg/kg D2E7 and explaining that “[s]ubcutaneous as well as intravenous 

injections of D2E7 at a dose of 1 mg/kg were safe and efficacious when 

given with standard, stable doses of [methotrexate] in patients with active 

RA”).  Accordingly, we determine that a preponderance of the evidence 

supports Petitioner’s position that the person of skill in the art would not 

have been discouraged from pursuing a 40 mg biweekly dosing regimen in 

view of the up-dosing disclosed in Kempeni or the DE001/DE003 study 

results that Rau 2000 describes.         

As counsel for Patent Owner notes, Rau 2000 reports that “after the 

lower doses (0.5 or 1 mg per kg of body weight), the number of swollen 

joints gradually increased again.”  Ex. 1012, 6, Fig. 2; see Tr. 61:1–5.  
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Rau 2000 also reports that there was a worsening in ESR (erythrocyte 

sedimentation rate) after one week in the 0.5 mg/kg group.  Id. at 6.  Patent 

Owner relies on these statements in Rau 2000 as support for its argument 

that the 0.5 mg/kg dose was ineffective.  Tr. 61:1–13.  Although Patent 

Owner’s argument has some merit, we do not find that Rau 2000 indicates 

that the 0.5 mg/kg dose was “ineffective,” as Patent Owner argues.  For 

example, Rau 2000’s description of the patients’ swollen joints notes 

improvement after administration of all doses, and Figure 2 shows a 

decrease in the number of swollen joints from week 0 (i.e., the beginning of 

the study) to week 2.  Ex. 1012, 6, Fig. 2; Ex. 2158, 6, Fig. 2 (high 

resolution version of Rau 2000 that depicts the figures with better clarity).  

We acknowledge that Rau 2000 discloses an increase in the number of 

swollen joints when the dosing interval was extended beyond two weeks, but 

find that such a teaching would not have counseled against a dosing regimen 

in which D2E7 is administered every two weeks. 

We also acknowledge that Rau 2000 reports an ESR in the 0.5 mg/kg 

group that was “worsening again already after one week.”  Ex. 1012, 6.  But 

that is only one of the ACR20 criteria.  See Ex. 1011, 2.  And, despite that 

disclosure, Rau 2000 reports that “[o]bservation of an ACR-20 . . . response 

was determined, at any point in time, with about 42% of patients” in the 

0.5 mg/kg dosing group and about 65% of patients in the 1 mg/kg dosing 

group achieving an ACR20 response.  Ex. 1012, 6.  Thus, Rau 2000 

indicates that the 0.5 mg/kg dose was effective in treating patients (i.e., 

reducing the signs, symptoms, and/or progression of RA).  That the 

0.5 mg/kg dose was not the most effective dose is of no moment because, as 
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explained above, the claims do not require superior efficacy or treatment 

with the most effective dose.  See supra § II.B.  

(3) Concerns about anti-drug antibodies, therapeutic range of 
D2E7, and efficacy generally 

Patent Owner argues that the available PK data and clinical data for 

D2E7 would have discouraged a person of ordinary skill from pursuing the 

claimed dosing regimen in view of the risk of developing ADAs.  Resp. 27–

46.  With respect to the PK data, Patent Owner argues the data suggest that, 

at steady-state, the trough concentrations (i.e., Cmin
11) would have been 

expected to be too low and the fluctuations between Cmin and Cmax
12 to be 

greater than those of the 20 mg weekly van de Putte dose, thereby teaching 

away from the claimed dosing regimen.  Id. at 27–34.  Patent Owner 

contends that the lower Cmin values of a subcutaneous 40 mg biweekly dose 

would have triggered concerns about the risk of developing anti-drug 

antibodies, and that the greater Cmin and Cmax fluctuations would have 

triggered concerns about the safety of that dosing regimen.  Id. at 34–38.  To 

illustrate those points, Patent Owner directs us to modeling performed by 

Dr. Vinks using the available PK data and, where the data were not 

available, assumptions based on data for similar proteins.  Id. at 31–36; see 

Ex. 2075.    

                                           
11 Dr. Jusko testifies that “[t]he Cmin is the minimum blood, plasma, or serum 
concentration of a drug that is observed after administration of a dose and 
prior to the administration of the next dose.”  Ex. 1004 ¶ 23 n.5. 
12 Dr. Vinks testifies that “Cmax is the highest concentration of drug reached 
at the site of measurement.  It is determined by the rate of absorption, 
bioavailability, and the volume of distribution.”  Ex. 2075 ¶ 35. 
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Even assuming that the Cmin and Cmax values from Dr. Vinks’s 

modeling are correct, however, we agree with Petitioner that the conclusions 

Dr. Vinks draws from the modeling are not entitled to much weight because 

the minimum effective dose of D2E7 “was undefined in June 2001.”  

Ex. 2003 ¶ 53 n.2; Reply 13.  Thus, comparing the Cmin of a 40 mg biweekly 

dose to the Cmin of van de Putte’s 20 mg weekly dose does not suggest that 

persons of ordinary skill in the art would have been discouraged from 

selecting a 40 mg biweekly dose of D2E7 out of concern for the potential of 

developing ADAs.        

Moreover, the available information regarding D2E7 suggests that, 

although the potential for developing ADAs was known, such potential 

would not have discouraged a skilled artisan from pursuing a 40 mg 

biweekly dose of D2E7.  In contrasting D2E7 with other biological anti-TNF 

treatments, Kempeni discloses that one would have expected the fully 

human D2E7 antibody to be less immunogenic (i.e., there would have been 

less of a concern with developing ADAs).  Ex. 1011, 1; see Ex. 1036, 30:13–

32:16.  That is, Kempeni explains that the therapeutic efficacy of infliximab 

(REMICADE®), a chimeric antibody that is part human and part mouse, and 

etanercept (ENBREL®), a human fusion protein, “may be limited by an 

immune response to their non-human elements or artificially fused human 

sequences.”  Ex. 1011, 3.  Kempeni further states that the fully human 

D2E7, “may have greater therapeutic potential” and “advantages in 

minimising antigenicity in humans.”  Id.; see also Ex. 1012, 8 (“Since D2E7 

consists only of human sequences, allergic reactions are less probable than 

with non-human monoclonal antibodies.”).  Neither Patent Owner’s 

arguments nor Dr. Vinks’s testimony regarding ADAs accounts for the 
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differences between D2E7, which is fully human, and other biological anti-

TNF treatments, which are not.13  See Resp. 34–38; Ex. 2075 ¶¶ 61–74, 

161–167. 

We also do not find the evidence of record sufficient to show that 

fluctuations in Cmin and Cmax for a 40 mg biweekly treatment would have 

raised safety issues such that one of ordinary skill in the art would have been 

discouraged from using that dosing protocol.  Dr. Vinks testifies that “‘large 

fluctuations between C[max] and C[min] can be hazardous,’ particularly if the 

drug ‘has a narrow therapeutic range.’”  Ex. 2075 ¶ 41 (citing Ex. 2112, 11); 

see also id. ¶ 149 (“It was reported in the prior art that ‘the magnitude of 

fluctuations between the maximum and minimum stead-state plasma 

concentrations are an important consideration for any drug that has a narrow 

therapeutic range’” (emphasis added)).  Nothing in the record, however, 

suggests that D2E7 has a narrow therapeutic range.  Rather, as Petitioner 

explains, D2E7 has a wide therapeutic window and a relatively long half-

life.  Reply 13–14, 18; see Ex. 1011, 2 (reporting that D2E7 has a half-life of 

                                           
13 We also note that Kempeni reports D2E7 was safe and efficacious over a 
wide range of doses (i.e., from 0.5 mg/kg to 10 mg/kg).   Ex. 1011, 3.  And 
Rau 2000, although recognizing that “idiotypical epitopes can represent a 
theoretical potential for allergic reactions” (i.e., reactions due to the 
development of ADAs), explains that that theoretical potential was not borne 
out in the data from the D2E7 clinical trials because “reactions which were 
described as allergic . . . did not recur in the same patients with continuation 
of the treatment” and “did not require any therapeutic intervention.”  
Ex. 1012, 8.  Further, the evidence suggests that an anti-TNFα treatment can 
be effective and safe even when some patients develop ADAs.  As Petitioner 
explains, REMICADE® and ENBREL® are approved for the treatment of 
RA, even though some patients using those products develop ADAs.  
Reply 17. 
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11.6 to 13.7 days, and that the drug was safe and efficacious in clinical trials 

when dosed over a range of 0.5 mg/kg to 10 mg/kg).      

 Finally, Patent Owner asserts that half-life does not provide sufficient 

information to design a dosing regimen and points to several biologics that 

do not dose according to half-life.  Resp. 38–42.  Petitioner does not rely on 

half-life alone, however, to suggest the biweekly 40 mg total body dose.  As 

Petitioner points out, the prior art correlated D2E7’s half-life with clinical 

data supporting the safety and efficacy of biweekly dosing.  Reply 18 (citing 

Ex. 1011, 4; Ex. 1012, 8).  Although we agree with Patent Owner that half-

life alone may not be enough of a predictor for a dosing interval, the clinical 

data coupled with D2E7’s half-life is. 

 In sum, we are not persuaded that the available PK data and clinical 

data for D2E7 would have taught away from selecting a 40 mg biweekly 

dose.  That does not end our inquiry, however, because Patent Owner 

presents arguments and evidence regarding objective indicia of 

nonobviousness that we must consider before reaching our conclusion on 

obviousness.  WBIP, LLC v. Kohler Co., 829 F.3d 1317, 1328 (Fed. Cir. 

2016).  We consider those arguments and evidence below.       

c. Objective Indicia of Nonobviousness 
Patent Owner argues that objective evidence of a long-felt, but unmet, 

need for new RA therapies, unexpected results, and commercial success 

(“secondary considerations”) supports the nonobviousness of the challenged 

claims.  Resp. 50–55.  “For objective evidence of secondary considerations 

to be accorded substantial weight, its proponent must establish a nexus 

between the evidence and the merits of the claimed invention.”  In re Huai-

Hung Kao, 639 F.3d 1057, 1068 (Fed. Cir. 2011) (quoting Wyers v. Master 
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Lock Co., 616 F.3d 1231, 1246 (Fed. Cir. 2010)).  We apply “a presumption 

of nexus for objective considerations when the patentee shows that the 

asserted objective evidence is tied to a specific product and that product ‘is 

the invention disclosed and claimed in the patent.’”  WBIP, 829 F.3d at 1329 

(citations omitted).  That presumption, however, is rebuttable.  Id.   

As explained further below, we are not persuaded that Patent Owner’s 

arguments and evidence support the nonobviousness of the challenged 

claims.   

(1) Commercial success 
Patent Owner offers evidence of the success of HUMIRA®, a 

commercial formulation of the claimed subject matter, to support the 

nonobviousness of the challenged method claims.  Resp. 53–55. 

“When a patentee can demonstrate commercial success, usually 

shown by significant sales in a relevant market, and that the successful 

product is the invention disclosed and claimed in the patent, it is presumed 

that the commercial success is due to the patented invention.”  J.T. Eaton & 

Co. v. Atl. Paste & Glue Co., 106 F.3d 1563, 1571 (Fed. Cir. 1997); WBIP, 

829 F.3d at 1829.  That presumption of nexus, however, is rebuttable, as “a 

patent challenger may respond by presenting evidence that shows the 

proffered objective evidence was ‘due to extraneous factors other than the 

patented invention.’”  WBIP, 829 F.3d at 1329.   

There is no dispute in this case that HUMIRA® is commercially 

successful.  Resp. 53; Reply 26 (discussing impact of sales of HUMIRA®); 

see Ex. 2073 ¶¶ 8–9 (Dr. Hausman testifying that HUMIRA® “has become a 

top-selling TNF inhibitor for the treatment of rheumatoid arthritis”).  Patent 

Owner asserts that the success of HUMIRA® is attributable to “the claimed 
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invention as a whole—a regimen that specifies the biological agent (D2E7), 

the method of administration (subcutaneous), the dose (40 mg fixed dose) 

and the dosing interval (13-15 days).”  Resp. 54. 

Petitioner, on the other hand, contends that any presumption of nexus 

has been rebutted because the features leading to any commercial success of 

HUMIRA® are not due to the claimed dosing regimen, but to prior art 

attributes such as the fully humanized D2E7 antibody itself.  Reply 25–26; 

Pet. 50–51.  To support its position, Petitioner directs us to Patent Owner’s 

patent directed to the D2E7 antibody itself and other uses of HUMIRA®.  

Pet. 50–51; Reply 26; Ex. 1025.   

Petitioner correctly notes that Patent Owner does not account for the 

other patents covering HUMIRA® in its efforts to establish commercial 

success.  See Tr. 33:60–35:20; Ex. 1034, 5–10 (Dr. Hausman testifying that 

he did not investigate whether the active ingredient versus the dosing 

regimen drove the commercial success of HUMIRA®).  Further, some of the 

record evidence attributes HUMIRA®’s commercial success to the fully 

human D2E7 anti-TNFα antibody, rather than the recited dosing regimen.  

Ex. 2031, 3 (“The scientific idea was to see if they could develop an 

antibody drug candidate against the TNF target that was ‘fully human’ . . . 

By using only human DNA in the drug, it was supposed to help the 

treatment circumvent immune-system surveillance, and therefore avoid 

triggering immune-system reactions that might cause additional side 

effects.”).  And, as explained above, the D2E7 antibody was known and 

patented.  Ex. 1001, 3:28–38; see generally Ex. 1025.  “Where market entry 

by others was precluded [due to blocking patents], the inference of non-

obviousness of [the asserted claims], from evidence of commercial success, 
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is weak.”  Galderma Labs., L.P. v. Tolmar, Inc., 737 F.3d 731, 740 (Fed. 

Cir. 2013).     

On this record, it is not clear whether the sales of HUMIRA® are due 

to the dosing regimen recited in the ’135 patent or the known and patented 

fully human D2E7 antibody.  Consequently, we cannot conclude from the 

evidence before us that the commercial success of HUMIRA® was due to the 

merits of the invention recited in the ’135 patent.  Accordingly, we 

determine that Petitioner presents sufficient evidence to rebut the 

presumption of nexus between the commercial success of HUMIRA® and 

the claimed dosing regimen.  We, therefore, are not persuaded that Patent 

Owner’s evidence of commercial success supports the nonobviousness of the 

challenged claims. 

(2) Long-felt need 
Patent Owner contends there was a long-felt need for new RA 

therapies supporting the nonobviousness of the challenged claims.  

Resp. 50–52.  Specifically, Patent Owner argues that, as of June 2001, there 

was a need for new treatments for RA to address the clinical disadvantages 

associated with then-existing treatments.  Id. at 50–51 (citing Ex. 2071 

¶¶ 26–33, 39, 84, 91–94).  In particular, Patent Owner asserts that although 

two anti-TNFα agents were approved as of 2001 (i.e., REMICADE® and 

ENBREL®), “[a] need thus existed for additional biologics with more 

advantageous dosing regimens,” and HUMIRA® satisfied that need where 

biologics from other companies failed.  Id. at 51.  

We are not persuaded that Patent Owner demonstrates that the 

claimed dosing regimen satisfied a long-felt, but unmet need for RA 

treatment.  For example, although Patent Owner presents some evidence that 
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there may have existed a need for RA treatments with a less frequent dosing 

schedule, (i.e., ENBREL® required twice weekly administration), the prior 

art already disclosed biweekly D2E7 dosing regimens.  See Ex. 1011, 4 

(Kempeni describing biweekly dosing of D2E7); Ex. 1012, 6–7, Figs. 4, 5.  

Likewise, Patent Owner contends that there was a need for subcutaneous 

dosing (i.e., REMICADE® was administered intravenously), but the prior art 

disclosed subcutaneous dosing of anti-TNFα agents generally, as well as 

subcutaneous dosing of D2E7.  See Ex. 2099, 5 (“The recommended dose of 

ENBREL for adult patients with [RA] is 25 mg given twice weekly as a 

subcutaneous injection”); Ex. 1008, 7 (van de Putte 199914 describing 

subcutaneous dosing of D2E7); Ex. 1009, 2 (same).  Similarly, Patent Owner 

fails to tie its evidence of long-felt need to the 40 mg dose recited in the 

claims.       

Further, Patent Owner contends that D2E7 succeeded where other 

anti-TNFα agents did not, but does not sufficiently connect that success to a 

subcutaneous dose of 40 mg administered biweekly.  Rather, it appears from 

the evidence that the driving force behind the satisfaction of a long-felt need 

and success where others had failed was the introduction of the first fully 

human anti-TNFα antibody, not the claimed dosing regimen.  See Ex. 1011, 

1 (explaining that the therapeutic duration of chimeric antibodies and human 

fusion proteins “may be limited” by an immune response, and that fully 

human D2E7 “may have advantages in minimising antigenicity in humans”); 

Ex. 2071 ¶ 93 (Dr. Gibofsky’s testimony that prior art anti-TNFα inhibitor 

                                           
14 L.B.A. van de Putte et al., Efficacy of the Fully Human Anti-TNF Antibody 
D2E7 in Rheumatoid Arthritis, 59 Ann Rheum. Dis. (Supp.) S269 (2000) 
(Ex. 1010, “van de Putte 1999”). 
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TNFbp dimer failed because a “‘significant antibody response’ was reported 

that ‘affected the half-life and clearance of the TNFbp at each dose group’” 

tested (internal citation omitted and emphasis added)).  Accordingly, we are 

not persuaded that Patent Owner’s evidence of long-felt need supports the 

nonobviousness of the challenged claims.     

(3) Unexpected results 
Patent Owner argues that despite the lower predicted Cmin of the 

claimed dosing regimen and concern about formation of ADAs that would 

have followed from the lower Cmin, the claimed dosing regimen is 

unexpectedly effective.  Resp. 52–53.  Patent Owner does not direct us to 

sufficient evidence showing that the efficacy of a subcutaneous 40 mg 

biweekly dosing regimen would have been unexpected.  Nor does Patent 

Owner compare that dosing regimen to the closest prior art.  Kao Corp. v. 

Unilever United States, Inc., 441 F.3d 963, 970 (Fed. Cir. 2006) (“when 

unexpected results are used as evidence of nonobviousness, the results must 

be shown to be unexpected compared with the closest prior art” (internal 

quotations and citation omitted)); See generally Resp. 52–53.   Rather, 

Patent Owner simply reiterates its teaching away arguments.  We reject 

those arguments in the context of unexpected results for the same reasons 

provided above with respect to Patent Owner’s teaching away arguments.  

That is, we determine that a preponderance of the evidence suggests that a 

subcutaneous 40 mg biweekly dosing regimen would have been expected to 

be safe and effective at treating RA.                 

4. Conclusion as to obviousness 
Having considered the parties’ arguments and evidence, we evaluate 

all of the evidence together to make a final determination of obviousness.  In 
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re Cyclobenzaprine Hydrochloride Extended-Release Capsule Patent Litig., 

676 F.3d 1063, 1075 (Fed. Cir. 2012) (stating that a fact finder must 

consider all evidence relating to obviousness before finding patent claims 

invalid).  In so doing, we conclude that Petitioner has satisfied its burden of 

demonstrating, by a preponderance of the evidence, that the subject matter of 

claims 1–5 of the ’135 patent would have been obvious over the 

combination of van de Putte 2000 and Rau 2000. 

III. MOTION TO SEAL 

Patent Owner filed a Combined Motion to Seal and Motion for 

Protective Order.  Paper 25.  In its motion, Patent Owner seeks entry of the 

the Board’s default protective order, filed as Exhibit 2218.  Id. at 1.  Patent 

Owner moves to seal Exhibits 2217 and 2073A, and asserts that these 

exhibits contain non-public proprietary market data that was provided to 

Patent Owner by a non-party subject to Patent Owner’s obligation to 

maintain the confidentiality of the information.  Id. at 2. Petitioner did not 

file an opposition to Patent Owner’s Combined Motion to Seal and Motion 

for Protective Order.  

Upon review, good cause exists to enter the proposed Protective Order 

and seal the above-referenced exhibits. 

 

IV.  ORDER 

In consideration of the foregoing, it is hereby: 

 ORDERED that Petitioner establishes, by a preponderance of the 

evidence, that claims 1–5 of the ’135 patent are unpatentable;  
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FURTHER ORDERED that the Default Protective Order (Ex. 2218) 

is hereby entered and shall govern the conduct of this proceeding unless 

otherwise modified;  

FURTHER ORDERED that Patent Owner’s Motion to Seal 

(Paper 25) is granted; 

FURTHER ORDERED that the following documents shall be sealed 

as “Board and Parties Only,” and will be kept under seal unless and until we 

refer to material in the papers or exhibits in a final written decision:    

Exhibits 2217 and 2073A; and  

 FURTHER ORDERED that this is a Final Written Decision; 

therefore, parties to the proceeding seeking judicial review of the decision 

must comply with the notice and service requirements of 37 C.F.R. § 90.2. 
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Before SHERIDAN K. SNEDDEN, SUSAN L. C. MITCHELL, and 
MICHELLE N. ANKENBRAND, Administrative Patent Judges. 
 
MITCHELL, Administrative Patent Judge.  
 
 
 

FINAL WRITTEN DECISION 

Determining Claims 1–5 Unpatentable 
35 U.S.C. § 318(a); 37 C.F.R. § 42.73 
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I. INTRODUCTION 

This is a Final Written Decision in an inter partes review challenging 

the patentability of claims 1–5 (collectively, “the challenged claims”) of 

U.S. Patent No. 8,889,135 B2 (Ex. 1001, “the ’135 patent”).  We have 

jurisdiction under 35 U.S.C. § 6.  For the reasons that follow, we determine 

that Petitioner demonstrates, by a preponderance of evidence, that claims 1–

5 are unpatentable.     

 Procedural History 
Boehringer Ingelheim International GMBH and Boehringer Ingelheim 

Pharmaceuticals, Inc. (collectively, “Petitioner”) filed a Petition (Paper 3, 

“Pet.”) requesting an inter partes review pursuant to 35 U.S.C. § 311.  On 

July 7, 2016, we instituted trial to determine whether claims 1–5 of the 

’135 patent are unpatentable under 35 U.S.C. § 103 as obvious over the 

following combinations:  (1) Kempeni 19991 and van de Putte 1999,2 and 

(2) Rau 1998,3 Schattenkirchner 1998,4 and van de Putte 1999.  Paper 9 

(“Decision on Institution” or “Inst. Dec.”).     

                                           
1Joachim Kempeni, Preliminary Results of Early Clinical Trials with the 
Fully Human Anti-TNFα Monoclonal Antibody D2E7, 58 (Supp. I) ANN. 
RHEUM. DIS. 170 (1999) (Ex. 1011, “Kempeni 1999”).  
2 L.B.A. van de Putte et al., Efficacy of the Fully Human Anti-TNF Antibody 
D2E7 in Rheumatoid Arthritis, 42 (Supp.) ARTHRITIS & RHEUM. S400 
(1999) (Ex. 1008, “van de Putte 1999”). 
3 Rolf Rau et al., Long-term Efficacy and Tolerability of Multiple I.V. Doses 
of the Fully Human Anti-TNF-Antibody D2E7 in Patients with Rheuma[t]oid 
Arthritis, 41 (Supp.) ARTHRITIS & RHEUM. S55 (1998) (Ex. 1006, “Rau 
1998”). 
4 Manfred Schattenkirchner et al., Efficacy and Tolerability of Weekly 
Subcutaneous Injections of the Fully Human Anti-TNF-Antibody D2E7 in 
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AbbVie Biotechnology Ltd. (“Patent Owner”) filed a Response 

(Paper 24, “Resp.”), and Petitioner filed a Reply (Paper 38, “Reply”).  

Petitioner supports its Petition with the Declarations of Michael H. 

Weisman, M.D., a rheumatologist, and William J. Jusko, Ph.D., who studies 

pharmacokinetics. Pet. 2–3; see Exs. 1003, 1004.  Patent Owner relies on the 

Declarations of Dr. Allan Gibofsky, a rheumatologist (Ex. 2071), Alexander 

Vinks, who studies pharmacokinetics (Ex. 2075), Jeffrey Sailstand, who 

studies anti-drug antibodies (Ex. 2074), Bryan Harvey, a former FDA 

official who discusses biologic clinical trials (Ex. 2072), and Jerry Hausman, 

an economist (Ex. 2073).  Resp. 1 n.1. 

Oral argument was heard on April 4, 2017, and a transcript of the 

argument has been entered into the record (Paper 45, “Tr.”).5 

 Related Proceedings 
The parties identify an inter partes proceeding, IPR2016-00172 

(“172 IPR”), in which Coherus BioSciences Inc. petitioned for review of 

claims 1–5 of the ’135 patent. See Coherus BioSciences Inc. v. AbbVie 

Biotechnology Ltd., Case IPR2016-00172 (PTAB) (Coherus); Pet. 4; Prelim. 

Resp. 1–2; Paper 6, 1. The Board instituted inter partes review of claims 1–

5 of the ’135 patent in the 172 IPR, see Coherus, Case IPR2016-00172, slip 

op. at 22 (PTAB May 17, 2016) (Paper 9), and found claims 1–5 

                                           
Patien[t]s with Rheumatoid Arthritis – Results of a Phase I Study, 
41 (Supp.) ARTHRITIS & RHEUM. S57 (1998) (Ex. 1007, 
“Schattenkirchner 1998”). 
5 Petitioner and Patent Owner filed Objections to Evidence or Exhibits, see 
Papers 11, 12, 27, and 39.  We have reviewed these papers and will give the 
evidence the appropriate weight in light of these objections. 

Appx183

Case: 17-2304      Document: 36     Page: 249     Filed: 12/13/2017



IPR2016-00409 
Patent 8,889,135 B2 
 

4 
 

unpatentable in a final written decision issued May 16, 2017, see Coherus, 

Case IPR2016-00172, slip op. at 44 (PTAB May 16, 2017) (Paper 60). 

The parties also identify as related IPR2016-00408, an inter partes 

proceeding also involving the ’135 patent filed by Petitioner, and two other 

inter partes proceedings involving related patents, U.S. Patent No. 

9,017,680 and U.S. Patent No. 9,073,987, IPR2016-00188 and IPR2016-

00189, respectively.  Paper 36, 1–2. 

 The ’135 Patent 
The ’135 patent, titled “Methods of Administering Anti-TNFα 

Antibodies,” issued on November 18, 2014.  The ’135 patent discloses 

methods of treating rheumatoid arthritis (“RA”) with a human anti-tumor 

necrosis factor α (“TNFα”) antibody.  Ex. 1001, Abstract, 3:4–7.  RA is an 

autoimmune disease with a pathophysiology that is linked to tumor necrosis 

factor.  Ex. 1001, 25:33–37.  Specifically, TNFα has been implicated in 

activating tissue inflammation and causing joint destruction in RA.  Id. at 

1:12–15, 25:33–37.  The methods of the claimed invention involve 

administering an anti-TNFα antibody having the six complementarity 

determining regions (“CDRs”) and heavy chain constant region of D2E7, a 

known recombinant human anti-TNFα antibody.  Id. at 3:28–38, 4:36–55, 

9:53–67, 12:14–18.  The methods further include administering a total body 

dose of 40 mg of the anti-TNFα antibody subcutaneously every 13–15 days, 

i.e., biweekly, for a period of time sufficient to treat RA.  Id. at 3:39–45, 

23:18–21, 24:25–29.     
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 Illustrative Claim 
Claims 1 and 5 are independent claims of the ’135 patent.  Claim 1 is 

illustrative of the challenged claims and recites:  

1. A method for treating rheumatoid arthritis in a human 
subject, comprising administering subcutaneously to a human 
subject having rheumatoid arthritis a total body dose of 40 mg of 
a human anti-TNFα antibody once every 13–15 days for a time 
period sufficient to treat the rheumatoid arthritis, wherein the 
anti-TNFα antibody comprises an IgG1 heavy chain constant 
region; a variable light (“VL”) chain region comprising a CDRl 
having the amino acid sequence of SEQ ID NO:7, a CDR2 
having the amino acid sequence of SEQ ID NO:5, and a CDR3 
having the amino acid sequence of SEQ ID NO:3; and a variable 
heavy (“VH”) chain region comprising a CDRl having the amino 
acid sequence of SEQ ID NO:8, a CDR2 having the amino acid 
sequence of SEQ ID NO:6 and a CDR3 having the amino acid 
sequence of SEQ ID NO:4. 

Ex. 1001, 45:11–25.  Claims 2–4 depend ultimately from claim 1.  Claim 2 

specifies that “the VL chain region of the anti-TNFα antibody has the amino 

acid sequence of SEQ ID NO:1 and the VH chain region of the anti-TNFα 

antibody has the amino acid sequence of SEQ ID NO:2.”  Id. at 45:26–29.  

Claim 3 specifies that the anti-TNFα antibody in the method of claim 2 “is 

administered for a period of at least 24 weeks,” and claim 4 specifies that the 

anti-TNFα antibody in the method of claim 1 “is administered for a period of 

at least 24 weeks.”  Id. at 45:30–31, 46:11–12.  Independent claim 5 recites a 

method that is similar to the method of claim 1, except that it recites 

“consisting of” instead of “comprising,” and further recites that the antibody 

is “administered in the form of a pharmaceutically acceptable composition.”  

Id. at 46:13–30.   
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II. DISCUSSION 

Petitioner bears the burden of proving unpatentability of the 

challenged claims, and that burden never shifts to Patent Owner.  Dynamic 

Drinkware, LLC v. Nat’l Graphics, Inc., 800 F.3d 1375, 1378 (Fed. Cir. 

2015).  To prevail, Petitioner must establish the facts supporting its 

challenge that claims 1–5 of the ’135 patent are unpatentable as obvious 

over the combination of van de Putte 2000 and Rau 2000 by a 

preponderance of the evidence.  35 U.S.C. § 316(e); 37 C.F.R. § 42.1(d).  

We find that Petitioner has met its burden for all challenged claims 1–5.     

 Level of Ordinary Skill 
In our Decision on Institution, we discussed, as described by each 

party, the level of ordinary skill in the art as of June 8, 2001, the priority date 

of the ’135 patent.  Inst. Dec. 9, n.5.  Specifically, we stated that 

Petitioner states that the level of skill in the art is a “practicing 
rheumatologist with a medical degree, roughly 3 years of 
experience treating RA patients, and some familiarity or 
experience with anti-TNFα antibodies and clinical trial 
procedures and design, including familiarity with basic 
pharmacokinetic concepts such as half-life.” Pet. 17 (citing 
Ex. 1003 ¶ 12, 14–28).  Petitioner also includes a Declaration of 
Dr. Jusko, a pharmacokineticist.  Id. at 17–18; see Ex. 1004. 
Patent Owner asserts that one of skill in the art includes a Ph.D. 
pharmacokineticist with at least three years of experience 
working with biologic agents. Resp. 18. 

Id. n.5. 
 Patent Owner asks that we adopt the definition of the level of ordinary 

skill in the art utilized by both the Petitioner and Patent Owner in the 

172 IPR that includes “the skill sets of both a physician treating RA patients 

and a pharmacokineticist with experience in monoclonal antibodies.”  Resp. 
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17–18; Coherus, Case IPR2016-00172, slip op. at 5–6.  Petitioner notes that 

“[t]o the extent that the level of ordinary skill would have included the skills 

of a pharmacokineticist, this Petition provides that perspective through the 

Declaration of Dr. Jusko (Ex. 1004), a world-renowned expert in this field.”  

Pet. 17–18.  As both parties have applied a definition of the level of ordinary 

skill that includes a pharmacokineticist, and such a level of ordinary skill in 

the art is reflected in the sophistication of the technology and the educational 

level of those working in the field of the invention, we adopt the level of 

ordinary skill in the art for the ’135 patent set forth in the 172 IPR.  See In re 

GPAC, 57 F.2d 1573, 1579 (Fed. Cir. 1995) (setting forth factors to be 

considered in determining the level of ordinary skill in the art); Coherus, 

Case IPR2016-00172, slip op. at 5–6. 

 Claim Construction 
In an inter partes review, claim terms in an unexpired patent are 

interpreted according to their broadest reasonable construction in light of the 

specification of the patent in which they appear.  37 C.F.R. § 42.100(b); 

Cuozzo Speed Techs., LLC v. Lee, 136 S. Ct. 2131, 2144–46 (2016).  Under 

that standard, claim terms generally are given their ordinary and customary 

meaning, as would be understood by one of ordinary skill in the art in the 

context of the entire disclosure.  In re Translogic Tech., Inc., 504 F.3d 1249, 

1257 (Fed. Cir. 2007).  An inventor may rebut that presumption by 

providing a definition of the term in the specification with reasonable clarity, 

deliberateness, and precision.  In re Paulsen, 30 F.3d 1475, 1480 (Fed. Cir. 

1994).  In the absence of such a definition, limitations are not to be read 

from the specification into the claims.  In re Van Geuns, 988 F.2d 1181, 

1184 (Fed. Cir. 1993).    

Appx187

Case: 17-2304      Document: 36     Page: 253     Filed: 12/13/2017



IPR2016-00409 
Patent 8,889,135 B2 
 

8 
 

In our Decision on Institution, we stated that “[a]lthough Petitioner 

asserts that we need not construe expressly any term for purposes of our 

institution decision, Petitioner relies on the explanation provided in the 

petition in IPR2016-00172 for the ordinary meaning of ‘method for treating 

rheumatoid arthritis,’ ‘every 13-15 days,’ and ‘pharmaceutically acceptable 

composition.’”  Inst. Dec. 5 (citing Pet. 19 (citing the 172 IPR Petition 14–

17)).  We found that such reliance was an improper incorporation by 

reference of arguments asserted in another petition, which we would not 

consider.  See id. at 5; 37 C.F.R. § 42.6(a)(3) (“Arguments must not be 

incorporated by reference from one document into another document.”).   

We also discussed in our Decision on Institution the claim term “for a 

time period sufficient to treat the rheumatoid arthritis,” which Patent Owner 

asserted should be construed.  Inst. Dec. 6–7.  We disagreed with Patent 

Owner’s assertion that “for a time period sufficient to treat the rheumatoid 

arthritis” means “for a time period sufficient to reduce significantly the signs 

and symptoms of rheumatoid arthritis.”  See id.  We concluded for purposes 

of the decision on institution that we did not need to interpret expressly the 

claim term “for a time period sufficient to treat the rheumatoid arthritis,” but 

noted the claim term when read in light of the Specification of the ’135 

patent did not require a particular level of efficacy.  Id. at 7. 

 In its Patent Owner Response, Patent Owner asserts that Petitioner 

does not meet its burden to show unpatentability of the challenged claims 

regardless of the construction of the phrase “for a time period sufficient to 

treat the rheumatoid arthritis” because the prior art teaches away from the 

claimed invention and a person of ordinary skill in the art “would have been 

motivated to pursue an effective treatment regimen, not one that merely 
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provided baseline functionality.”  Resp. 18.  Patent Owner, nevertheless, 

reiterates its position that the term should mean “for a time period sufficient 

to reduce significantly the signs and symptoms of rheumatoid arthristis.”  Id. 

at 65. 

 Patent Owner explains that  

No clinician would consider himself or herself to be “treating” 
RA if there were no therapeutically meaningful reduction in the 
patient’s signs, symptoms, and disease progression.  Ex. 2071 ¶¶ 
21, 104–105, see Ex. 2025, 3 (fundamental goal as of 2001 was 
to eliminate disease activity or control it to the fullest extent 
possible); Ex. 2070, 242:8–245:1.  If that were the case, then 
anything that had any effect on a patient’s symptoms, no matter 
how minimal or short-lived (for example, an analgesic or 
intoxicant), would constitute “treatment.”  Ex. 2071 ¶ 104.  That 
is simply not how a physician seeking to reduce the signs, 
symptoms, and disease progression would understand his or her 
clinical objective (both then and now).  Id. 

Resp. 64–65. 
Tellingly, there is no citation to the Specification of the ’135 patent in 

Patent Owner’s proffered support.  See id. at 64–67; see also Reply 27 

(stating Patent Owner does not cite any new intrinsic evidence supporting its 

proposed construction).  The best source for determining the meaning of a 

claim term is the specification.  See In re Morris, 127 F.3d 1048, 1054 (Fed. 

Cir. 1997) (stating that “the PTO applies to the verbiage of the proposed 

claims the broadest reasonable meaning of the words in their ordinary usage 

as they would be understood by one of ordinary skill in the art, taking into 

account whatever enlightment by way of definitions or otherwise that may 

be afforded by the written description contained in the applicant’s 

specification”).   
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As we noted in our Decision on Institution, in reviewing the claims in 

light of the language of the claims and the Specification of the ’135 patent, 

we found: 

In reviewing the claim language of claims 1 and 5, neither 
claim recites that any particular level of efficacy is required; each 
of these claims merely recites administering the antibody for a 
time sufficient to treat RA.  Consistent with that claim language, 
the Specification describes administering the antibody for 
therapeutic purposes to alleviate the symptoms and/or 
progression of disorders such as rheumatoid arthritis. See, e.g., 
Ex. 1001, 24:25–60. 

Inst. Dec. 6. 

In the companion inter partes proceeding involving the ’135 patent, 

the 172 IPR, we discussed the meaning of the term “for a time period 

sufficient to treat the rheumatoid arthritis” citing extensively to the 

Specification of the ’135 patent.  See Coherus, Case IPR2016-00172, slip 

op. at 6–9 (Paper 60).  We adopt here the discussion and the findings set 

forth in that inter partes proceeding construing the claim term “for a time 

period sufficient to treat the rheumatoid arthritis.”   

The construction of this term, as set forth in the companion 

proceeding, i.e., “for a time period sufficient to reduce the signs, symptoms, 

and/or progression of RA,” is consistent with our Decision on Institution, 

where we stated that the claims do not require a particular level of efficacy 

and with the description in the Specification of the ’135 patent of 

administering the antibody for therapeutic purposes to alleviate the 

symptoms and/or progression of RA.  See Ex. 1001, 24:25–60.  Nothing in 

Patent Owner’s discussion set forth above concerning its proffered 

construction alters our view that the claim term does not require a particular 

level of efficacy.   
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As we found in the 172 IPR, Patent Owner’s proposed construction 

introduces ambiguity in the claims.  Patent Owner discusses “meaningful 

reduction” in or reducing “significantly” a patient’s signs, symptoms, and 

disease progression without providing any specific measure for achieving 

such a goal.  See Resp. 64–65.  We agree with the 172 IPR finding that such 

ambiguity arises because “Patent Owner’s construction does not indicate 

whether reducing ‘significantly’ the signs and symptoms of RA means that 

patients self-report better overall health status on a health survey, or that 

patients must achieve an ACR20 response, or even an ACR70 response, or a 

combination of all of the reported outcome measures.”  Coherus, Case 

IPR2016-00172, slip op. at 9 (Paper 60).   

Therefore, consistent with our decision in the 172 IPR and with our 

Decision on Institution, we determine that the phrase “for a time period 

sufficient to treat the rheumatoid arthritis” does not require any particular 

level of efficacy and, under the broadest reasonable construction, means “for 

a time period sufficient to reduce the signs, symptoms, and/or progression of 

RA.” 

 Principles of Law 
A patent claim is unpatentable under 35 U.S.C. § 103(a) if the 

differences between the claimed subject matter and the prior art are such that 

the subject matter, as a whole, would have been obvious at the time the 

invention was made to a person having ordinary skill in the art to which said 

subject matter pertains.  KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 406 

(2007).  The question of obviousness is resolved on the basis of underlying 

factual determinations including:  (1) the scope and content of the prior art; 

(2) any differences between the claimed subject matter and the prior art; 
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(3) the level of ordinary skill in the art; and (4) objective evidence of 

nonobviousness.  Graham v. John Deere Co., 383 U.S. 1, 17–18 (1966).   

In that regard, an obviousness analysis “need not seek out precise 

teachings directed to the specific subject matter of the challenged claim, for 

a court can take account of the inferences and creative steps that a person of 

ordinary skill in the art would employ.”  KSR, 550 U.S. at 418; see 

Translogic, 504 F.3d at 1259.  In KSR, the Supreme Court also stated that an 

invention may be found obvious if trying a course of conduct would have 

been obvious to a person having ordinary skill: 

When there is a design need or market pressure to solve a 
problem and there are a finite number of identified, predictable 
solutions, a person of ordinary skill has good reason to pursue 
the known options within his or her technical grasp. If this 
leads to the anticipated success, it is likely the product not of 
innovation but of ordinary skill and common sense. In that 
instance the fact that a combination was obvious to try might 
show that it was obvious under § 103. 

550 U.S. 398, 421 (2007).  “KSR affirmed the logical inverse of this 

statement by stating that § 103 bars patentability unless ‘the improvement is 

more than the predictable use of prior art elements according to their 

established functions.’”  In re Kubin, 561 F.3d 1351, 1359−60 (Fed. Cir. 

2009) (citing KSR, 550 U.S. at 417). 

We analyze the asserted ground of unpatentability in accordance with 

the above-stated principles. 

 Obviousness over van de Putte 1999 and Kempeni 1999 
Petitioner contends that claims 1–5 are unpatentable under 35 U.S.C. 

§ 103 as obvious over van de Putte 1999 and Kempeni 1999.  Pet. 19–37.  

Petitioner asserts that van de Putte 1999 expressly teaches each limitation of 
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claims 1–5 except for every-other-week administration and administration 

for 24 weeks (which is a limitation in dependent claims 3 and 4).  Id. at 2, 

19.  Petitioner asserts that Kempeni 1999 provides the missing teachings.  Id.  

Petitioner offers that “a person of ordinary skill in the art would have, at a 

minimum, tried administering the prior art doses, including the claimed 40 

mg dose, subcutaneously on an every-other-week basis.”  Id. (quoting 

Hoffman-La Roche Inc. v. Apotex Inc., 748 F.3d 1326, 1329 (Fed. Cir.) (“A 

relatively infrequent dosing schedule has long been viewed as a potential 

solution to the problem of patient compliance.”), cert. denied, 135 S. Ct. 878 

(2014)). 

Patent Owner counters that “the clinical and pharmacokinetic (“PK”) 

data in the prior art taught away from the claimed invention because a POSA 

would have believed that the claimed dosing regimen would result in drug 

concentration levels that were too low to treat rheumatoid arthritis (“RA”).”  

Resp. 1–2.  Therefore, the claimed invention would not have resulted from 

routine optimization or have been obvious to try in light of such a teaching 

away.  Id. at 4.  

1. van de Putte 1999 
van de Putte 1999 describes the results of a dose-finding phase II 

study that compared three dose levels of D2E7 and placebo over three 

months in patients with long-standing active RA.  Ex. 1008, 7.  In the study, 

patients received “weekly [fixed] doses of either D2E7 at 20, 40, [or] 80 mg 

or placebo by subcutaneous (s.c.) self injection for 3 months.”  Id.  van de 
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Putte 1999 reports the percentage of patients receiving an ACR206 response, 

as well as the median percent improvement in TJC, SWJC, and CRP for 

each of the dosing regimens and placebo. 

The results are reproduced below. 

 
Id.  The table above shows the results of the clinical study described in van 

de Putte 1999.  Based on the results, van de Putte 1999 concludes that “[f]or 

all efficacy parameters studied, all doses of D2E7 were statistically 

significantly superior to placebo (p < 0.001)” and that “20, 40, and 80 

mg/week were nearly equally efficacious when given s.c. in patients with 

active RA.”  Id. 

2. Kempeni 1999 
Kempeni 1999 teaches that D2E7 is a class of fully human, anti-TNFα 

antibody that “may have advantages in minimizing antigenicity in humans” 

                                           
6 ACR20 is short hand for the American College of Rheumatology 
improvement criteria.  Ex. 1011, 4.  “[T]o be classified as a responder 
according to ACR20 criteria, patients must demonstrate:  (1) greater than or 
equal to 20% improvement in swollen joint count (“SWJC”); (2) greater than 
or equal to 20% improvement in tender joint count (“TJC”) and; (3) at least 
20% improvement in three of five other measures (patient global assessment 
of disease activity, physician global assessment of disease activity, patient 
assessment of pain, an acute phase reactant (for example, erythrocyte 
sedimentation rate (ESR) or C reactive protein (“CRP”)), and a measure of 
disability . . . .”  Id.; see Ex. 1003 ¶ 19; Ex. 2071 ¶ 41. 
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compared to biologic TNF antagonists that are not fully human.  Ex. 1011, 3. 

Kempeni 1999 further describes the results of several clinical studies 

investigating the use of D2E7 to treat RA patients.  Id. at 3–5.  During the 

clinical trials, efficacy was assessed using the ACR20 criteria.  Id. at 3–4.   

In the first described study, each patient received a single dose of 

D2E7 (from 0.5 to 10 mg/kg) or placebo by intravenous injection.  Id. 

Patients were evaluated for four weeks to determine the pharmacokinetics of 

D2E7 and to evaluate the safety and efficacy of the compound in terms of 

onset, duration, and magnitude of response.  Id.  

Kempeni 1999 describes the results of the study as “encouraging,” 

noting that the “therapeutic effects became evident within 24 hours to one 

week after D2E7 administration and reached the maximum effect after 1–2 

weeks, with dose response reaching a plateau at 1 mg/kg D2E7.”  Id. 

Pharmacokinetic parameters were calculated for patients from all dose 

groups and the estimated mean terminal half-life of D2E7 was determined to 

be 11.6 to 13.7 days.  Id.  

Patients who continued in the study were given a second blinded dose 

that was identical to the first and, subsequently, given active drug every two 

weeks until a “good” response was achieved.  Id.  Patients who did not 

respond well after 0.5 or 1 mg/kg dosing, however, received higher doses of 

up to 3 mg/kg.  Id.  Kempeni 1999 discloses that 86% of patients continued 

to receive treatment with D2E7 after six months, “indicating that long term 

intravenous treatment with D2E7 in the dose range from 0.5 to 10 mg/kg 

was well tolerated.”  Id.  

In a second study that evaluated the safety and efficacy of weekly 

subcutaneous 0.5 mg/kg weight-based administration of D2E7, patients were 
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given either D2E7 or placebo weekly for a period of three months.  Id. at 4–

5. The dose was increased to 1 mg/kg subcutaneously weekly for non-

responders or patients losing responder status.  Id. at 5. 

According to the preliminary data, “plasma concentrations of D2E7 

after multiple subcutaneous doses were comparable to those achieved with 

intravenous administration.”  Id.  Further, up to 78% of patients achieved an 

ACR20 response after three months of treatment, leading to the conclusion 

that “D2E7 given subcutaneously was safe and as effective as when 

administered intravenously demonstrating that subcutaneous self 

administration is a promising approach for D2E7 delivery.”  Id.  

In a third clinical study that evaluated the safety of 1 mg/kg single 

subcutaneous or intravenous injections, it was determined that the safety 

profile of single dose D2E7 administration was “comparable to that of 

placebo.”  Id.  

Kempeni 1999 teaches that the data from these studies 

collectively suggest D2E7 “is safe and effective as monotherapy . . . 

when administered by single and multiple intravenous and 

subcutaneous injections.  Additional studies are underway to further 

define optimal use of this novel treatment.”  Id. 

3. Analysis 
In reviewing the parties’ arguments and evidence as set forth in the 

complete record before us in light of the principles of law set forth above, 

we determine that Petitioner has shown by a preponderance of evidence that 

claims 1–5 are unpatentable. 
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a. The prior art discloses or suggests each and every element 
of the challenged claims 

Petitioner asserts that the combined teachings of van de Putte 1999 

and Kempeni 1999 disclose or suggest each element of the challenged 

claims.  Pet. 19–40 (mapping the language of the claims to the disclosures of 

van de Putte 1999 and Kempeni 1999).  In particular, Petitioner argues that 

“van de Putte 1999 expressly teaches each of the claimed features except for 

the every-other-week dose and administration for 24 weeks (which is a 

limitation in dependent claims 3 and 4).  But an every-other-week 

subcutaneous dose and administration for 24 weeks (and longer) would have 

been obvious in view of the teachings of these references including 

Kempeni.”  Pet. 19 (citing Ex. 1003 ¶¶ 31–44; Ex. 1004 ¶¶ 15–23). 

Patent Owner does not challenge Petitioner’s showing that the prior 

art discloses each element of claims 1–5.  See generally Resp.; Reply 1, 3 

(citing Resp. 19–52).  Based on the full trial record, we determine that van 

de Putte 1999 and Kempeni 1999 collectively disclose each limitation of the 

challenged claims.  First, we agree with Petitioner that van de Putte 1999 

discloses all of the elements of all challenged claims 1–5, except for 

biweekly dosing and administration for 24 weeks.  As explained above, van 

de Putte 1999 discloses a study in which RA patients received weekly doses 

of 20, 40, or 80 mg of D2E7 via subcutaneous self-administration over the 

course of three months.  Ex. 1008, 7.7  The D2E7, therefore, was 

administered in a pharmaceutically acceptable composition.   

                                           
7 Placebo was also given in a fourth arm of the study for the first three 
months.  Ex. 1008, 7. 
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van de Putte 1999 also specifically reported on the efficacy of each of 

the doses, including the 20 mg dose, for the three month time period of 

treatment meeting the “for a time period sufficient to treat the rheumatoid 

arthritis” requirement.  van de Putte states: 

For all efficacy parameters studied, all doses of D2E7 
were statistically significantly superior to placebo (p < 0.001).  
20, 40 and 80 mg/week were nearly equally efficacious when 
given s.c. in patients with active RA. 

Ex. 1008, 7; see Pet. 36 (citing Kempeni 1999 also to show similar results 

from other clinical studies, including that “[t]he therapeutic effects became 

evident within 24 hours to one week after D2E7 administration and reached 

the maximum effect after 1-2 weeks”); Ex. 1003 ¶¶ 32–34 (stating that in 

van de Putte 1999 “39 to 47% of patients receiving D2E7 achieved an 

ACR20 response compared to the placebo group,” and thus, “each dose, 

including the 20 mg dose, would have been viewed as effective by a person 

or ordinary skill in the art”); id. ¶ 34 n.6 (confirming this understanding of 

the data from the DE007 study in a contemporaneous publication) (citing 

Ex. 1029, 4); Ex. 1004 ¶¶ 15–23.   

Petitioner also provides evidence, which we credit, that “the increase 

in ACR20 responses for each dose reported in van de Putte 1999, relative to 

ACR20 placebo responses, would have demonstrated the clinical 

effectiveness of each dose to a person of ordinary skill in the art.”  Pet. 22 

(citing Ex. 1003 ¶¶ 33–34).  Petitioner supports this conclusion with 

evidence from FDA’s approval of infliximab where the ACR20 response 

ranged from 30 to 38%.  See id. at 23; Ex. 1015, 26; Ex. 1003 ¶ 33. 

Further, D2E7 is a known recombinant human anti-TNFα antibody 

having the six CDRs and heavy chain constant region recited in claims 1 and 
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5, and the amino acid sequences for the variable light and variable heavy 

chain regions recited in claim 2.  Ex. 1001, 3:28–38 (explaining that D2E7 is 

“described in U.S. Pat. No. 6,090,382, incorporated in its entirety herein by 

reference”); see Ex. 1025, 2:59–67.   

Petitioner also shows, by a preponderance of the evidence, that 

Kempeni 1999 accounts for the differences between van de Putte 1999 and 

the recited biweekly dosing frequency required by all of the challenged 

claims, as well as the dosing period of at least 24 weeks that is recited in 

claims 3 and 4.  Specifically, Kempeni 1999 describes a study in which 

patients received D2E7 via intravenous injection every two weeks for at 

least 6 months (i.e., 24 weeks).  Ex. 1011, 4; see Ex. 1003 ¶ 38.  We also 

agree with Petitioner that “Kempeni 1999 reports, based on the DE004 

study, that ‘plasma concentrations of D2E7 after multiple subcutaneous 

doses were comparable to those achieved with intravenous administration’ 

and that ‘[u]p to 78% of patients achieved a DAS/ACR 20 response after 

three months of treatment with subcutaneous D2E7,’” Pet. 27 (citing 

Ex. 1011, 5), leading one of skill in the art to reasonably expect ever-other-

week subcutaneous administration “to produce clinical results similar to 

those achieved with every-other-week intravenous administration,” Pet. 28 

(citing Ex. 1003 ¶ 39; Ex. 1004 ¶¶ 19–23). 

b. Motivation to dose 40 mg every 13–15 days subcutaneously 
and reasonable expectation of success in treating RA   

Even “[i]f all elements of the claims are found in a combination of 

prior art references,” “the factfinder should further consider whether a 

person of ordinary skill in the art would [have been] motivated to combine 

those references, and whether in making that combination, a person of 
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ordinary skill would have [had] a reasonable expectation of success.”  Merck 

& Cie v. Gnosis S.p.A., 808 F.3d 829, 833 (Fed. Cir. 2015).  The “motivation 

to combine” and “reasonable expectation of success” factors are subsidiary 

requirements for obviousness subsumed within the Graham factors.  Pfizer, 

Inc. v. Apotex, Inc., 480 F.3d 1348, 1361 (Fed. Cir. 2007). 

Petitioner states that one of skill in the art at the time of the invention 

would have combined the teachings of van de Putte 1999 and Kempeni 1999 

to arrive at the claimed invention because 

First, a person of ordinary skill in the art would have been 
motivated to optimize the van de Putte 1999 subcutaneous dosing 
regimens because each dosing regimen was determined to be 
effective for treating RA.  Second, Kempeni 1999 would have 
provided motivation to optimize the van de Putte 1999 doses to 
a less frequent dosing interval.  Third, the claimed dosing 
regimen was at a minimum one of a finite number of options that 
a person of ordinary skill in the art would have considered 
pursuing, and therefore would have been obvious to try. 

Pet. 21 (citations omitted); see Ex. 1008, 7 (stating “[a]ll doses of D2E7 

were statistically significantly superior to placebo”); Ex. 1003 ¶¶ 32–36. 

 Petitioner asserts that the  

efficacy of the weekly 20 mg dose reported in van de Putte 1999 
would have at least suggested that an analogous, every-other-
week 40 mg dose would have been an option worth investigating.  
And a person of ordinary skill would have been particularly 
attracted to pursuing an every-other-week equivalent (i.e., 40 
mg) of the lowest weekly dose (i.e., 20 mg) that was shown to be 
efficacious in the prior art. 

Pet. 25 (citing Ex. 1003 ¶¶ 41–43).   

Petitioner points out that Kempeni 1999 teaches that an every-other-

week subcutaneous administration of D2E7 is effective for treating RA, as 

well as a preferred dosing frequency for treating RA at the disclosed doses.  
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Id. at 26 (citing Ex. 1003 ¶¶ 37–39; Ex. 1011, 4).  Petitioner also asserts that 

this conclusion is supported by D2E7’s linear pharmacokinetics.  Id. at 29–

30 (citing Ex. 1004 ¶¶ 19–23).  Petitioner concludes that, given the finite 

number of options, administering 40 mg every 13–15 days to treat RA would 

have been obvious to try with a reasonable expectation of success in view of 

the three fixed doses disclosed in van de Putte 1999.  Pet. 30–31 (citing 

Ex. 1003 ¶¶ 41–44). 

 Patent Owner responds that a person of skill in the art would not have 

been motivated to optimize the dosing regimens in the prior art to arrive at 

the claimed invention, nor would one of skill have expected that the claimed 

dosing regimen would work, because the prior art teaches away from the 

claimed invention, and “a POSA would have been motivated to pursue an 

effective treatment regimen, not one that merely provided baseline 

functionality.”  Resp. 1, 4, 18 (citing Yamanouchi Pharm. Co. v. Danbury 

Pharmacal, Inc., 231 F.3d 1339, 1345 (Fed. Cir. 2000) (expectation that 

modification of compound would have achieved “baseline level” of 

functionality insufficient to show motivation)).  To show such lack of 

motivation or reasonable expectation of success, Patent Owner points to the 

study where “every single patient receiving the 0.5 mg/kg dose was switched 

to a higher dose by 12 weeks after the trial began (or withdrew from the 

study altogether) because the 0.5mg/kg dose did not work.”  Id. at 2; see also 

id. at 21–33 (providing additional arguments why the art teaches away). 

Patent Owner also refutes Petitioner’s reliance on a comparison 

between the drug concentrations resulting from the weekly doses disclosed 

in van de Putte 1999 and the claimed 40mg every-other-week dose stating 

“Petitioner’s oversimplification of the amount of D2E7 antibody in the body 
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after two weeks is incorrect and ignores the multiple, complex PK 

parameters involved in predicting drug concentration at steady state.”  Id. 

at 3.  According to Patent Owner, such oversimplification ignores lower 

troughs of drug concentration for an every-other-week dose that would have 

raised both efficacy and safety concerns.  Id. at 3, 34–41; see also id. at 49–

51 (discussing doubling dose and interval between doses can result in 

ineffectiveness regardless of linear pharmacokinetics of D2E7).  Patent 

Owner also questions the importance that Petitioner places on the half-life of 

D2E7 in its obviousness analysis.  Id. at 45–48.  Patent Owner posits that “in 

the absence of additional PK or PD data, designing a dosing regimen to be 

the same [interval] as a drug’s half-life ensures substantial fluctuations of 

drug concentrations, which are often undesirable.”  Id. at 47–48. 

Patent Owner further asserts that a person of ordinary skill in the art 

would have been concerned about under-dosing producing anti-drug 

antibodies (“ADAs”).  Id. at 3–4, 41–45.  Patent Owner also presents 

evidence of commercial success, satisfaction of a long-felt need for new RA 

therapies, and unexpected results.  Id. at 4–5.  Specifically, Patent Owner 

states that “HUMIRA® also satisfied the need for an anti-TNFα therapy that 

could be safely self-administered at home, that did not require weight-based 

calculations of dose amount, and that maximized patient comfort and 

convenience by limiting the number of injections.”  Id. at 15.  Patent Owner 

supports its position with testimony from several declarants, including 

Dr. Gibofsky and Dr. Vinks.   

(1) Fixed, subcutaneous dosing 
With respect to type of dose and administration, Petitioner asserts that 

van de Putte 1999’s dosing regimen reflects the well-known advantages of 
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subcutaneous administration over other forms of administration (e.g., 

intravenous dosing), and fixed dosing over weight-based dosing.  Pet. 20–21 

(citing Ex. 1008, 7; Ex. 1011, 5; Ex. 1003 ¶¶ 26–27, 31–34; Ex. 1004 ¶¶ 15–

23).  Petitioner also states:  

Administering D2E7 subcutaneously to human subjects was 
well know.  Kempeni 1999 reported that D2E7 “given 
subcutaneously was safe and as effective as when 
administered intravenously[,] demonstrating that 
subcutaneous self administration is a promising approach for 
D2E7 delivery’ for treatment of RA.  In the van de Putte 1999 
study, patients suffering from “long standing active 
rheumatoid arthritis” were given doses of “either D2E7 at 20, 
40, 80 mg or placebo by subcutaneous (s.c.) self injection” for 
three months.   

Id. (citations omitted). 

Patent Owner does not challenge Petitioner’s showings in this regard, 

see generally Resp.,8 and we agree with Petitioner that the record establishes 

by a preponderance of the evidence that the ordinarily skilled artisan would 

have had a reason to select subcutaneous, fixed dosing and a reasonable 

expectation of success in achieving a subcutaneous fixed dose.  For example, 

Petitioner points to evidence that subcutaneous dosing would have been 

more convenient and less expensive for patients because they can self-

administer the dose in a short amount of time.  Pet. 12–13; Ex. 1003 ¶ 29–

30, 34, 37–47; Ex. 2081, 7 (stating that “[i]n general, subcutaneous 

administration is more desirable for doctors and patients than intravenous 

                                           
8 Patent Owner does question the expected drug levels for subcutaneous 
administration of a 40 mg fixed dose as compared to intravenous 
administration of a 0.5mg/kg dose as disclosed in Kempeni 1999 because of 
the loss of drug through absorption.  Resp. at 22–23, 23 n.6.   
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administration” because subcutaneous administration “can be accomplished 

in minutes” and “can be performed practically anywhere without 

catheterization” (i.e., it does not require hospital visits like intravenous 

administration does)).   

Dr. Weisman testifies that fixed subcutaneous doses would have been 

desirable and considered in designing a dosing regimen because of well-

known clinical considerations.  Ex. 1003 ¶ 47.  Specifically, Dr. Weisman 

states: 

Once properly instructed, a patient can self-administer a 
fixed subcutaneous dose in the privacy of their own home.  
Subcutaneous administration avoids complications that can 
occur with intravenous administration (e.g., thrombosis or 
problems at the site of administration).  As the ’135 patent 
acknowledges, subcutaneous administration of D2E7 was known 
in the relevant time period to be “advantageous” because it “is 
convenient for both patient and the health care provider.”  (Ex. 
1001, 2:66–3:2).  In addition, at-home subcutaneous 
administration costs significantly less than receiving intravenous 
administration in a doctor’s office or clinic.  Finally, a fixed dose 
is preferred over a weight-based dose because fixed doses avoid 
the need to calculate dosage for each patient and the potential for 
dosing errors.  Even Patent Owner acknowledged during 
prosecution, through the declaration of Dr. Janet Pope, that 
“patients’ ability to self-administer a one-size-fits-all dose by 
subcutaneous injection using a pre-filled syringe at home was a 
game changer.”  (Ex. 1002 (Pope Decl.) 1161 ¶ 52.) 

Id.; see also Ex. 1025, 22:65–23:1 (“[I]t is especially advantageous to 

formulate parenteral compositions in dosage unit form for ease of 

administration and uniformity of dosage.”).  Finally, we note that patients in 

the clinical study described in van de Putte 1999 were receiving 

subcutaneous fixed doses, and Kempeni 1999 concluded: 
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Based on preliminary data, plasma concentrations of D2E7 after 
multiple subcutaneous doses were comparable to those achieved 
with intravenous administration. . . . The investigators concluded 
that D2E7 given subcutaneously was safe and as effective as 
when administered intravenously demonstrating that 
subcutaneous self administration is a promising approach for 
D2E7 delivery. 

Ex. 1011, 5; Ex. 1008, 7; see Ex. 1003 ¶¶ 26, 31–36; Ex. 1004 ¶¶ 15, 19; 

Ex. 2069, 78:9–81:5 (explaining advantages of subcutaneous dosing).   

(2)  Biweekly administration of a 40 mg dose  
With respect to dose selection and dosing interval, Petitioner presents 

several arguments why a skilled artisan would have had a reason to modify 

the van de Putte 1999 dosing regimen to administer a 40 mg dose on a 

biweekly schedule and expect success in treating RA with that regimen.  

These arguments include the efficacy determination for all subcutaneous 

dosing regimens set forth in van de Putte 1999, and the express teaching of 

Kempeni 1999 of a two-week interval for dosing.  Pet 20–21 (citations 

omitted).  Petitioner also supports its obviousness assertion stating that “the 

claimed dosing regimen was at a minimum one of a finite number of options 

that a person of ordinary skill in the art would have considered pursuing, and 

therefore would have been obvious to try.”  Id. at 21 (citations omitted).   

One question before us then, is whether a person of ordinary skill in 

the art would have had a reason to modify van de Putte 1999’s 20 mg 

weekly dose to a 40 mg biweekly dose based on the express teaching of 

Kempeni 1999 of a two-week interval for dosing.  As with other factual 

questions, Petitioner bears the burden of proving that the skilled artisan 

would have been motivated to modify the dosing regimen of van de Putte 

1999 to arrive at the claimed invention.  In re Magnum Oil Tools Int’l, 829 
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F.3d 1364, 1375 (Fed. Cir. 2016) (burden-shifting “does not apply in the 

adjudicatory context of an IPR”).  As explained below, we are persuaded by 

Petitioner’s arguments that it has carried this burden.   

After reviewing the entire record developed during trial, we find that 

Petitioner has carried its burden to show that a person of ordinary skill in the 

art would have been so motivated.  Petitioner asserts that one of skill in the 

art would have arrived at the claimed dosing regimen as the result of routine 

optimization because “[t]he efficacy of the weekly 20 mg dose [of D2E7] 

reported in van de Putte 1999 would have at least suggested that an 

analogous, every-other-week 40 mg dose would have been an option worth 

investigating” regardless of whether it was the most efficacious dose tested 

or not.  Pet. 25 (citing Ex. 1003 ¶¶ 41–43).  Petitioner further asserts that 

Kempeni 1999 teaches that every-other-week subcutaneous administration 

of D2E7 is effective for treating RA, id. at 26 (citing Ex. 1003 ¶¶ 37–39), as 

evidenced by Kempeni 1999’s report that therapeutic effects were evident 

within 24 hours to one week after administration, reaching a maximum 

effect after 1–2 weeks, and that the mean terminal half-life was 11.6 to 13.7 

days.  Id. (citing Ex. 1011, 4; Ex. 1003 ¶ 37; Ex. 1004 ¶¶ 17–22).  

Petitioner also points to Kempeni 1999’s description of DE003 where 

investigators determined how long it would take for a disease flare up after 

achieving a “good” EULAR response with every-other-week dosing.  Id. at 

26–27.  Petitioner states:  “[t]his treatment protocol resulted in a ‘mean 

dosing interval of 2.5 weeks,’ indicating that, on average, RA symptoms 

reappeared 2.5 weeks after the last ‘good’ EULAR response was achieved.”  

Id. at 27 (citing Ex. 1011, 4; Ex. 1003 ¶¶ 20, 38). 
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Petitioner concludes that based on the roughly two-week half-life as 

described in Kempeni 1999, “a person of ordinary skill in the art would have 

understood that the every-other-week equivalent of the lowest 20 mg van de 

Putte [1999] dose was 40 mg.”  Id. at 28 (citing Ex. 1004 ¶ 19–22).  

Petitioner explains this conclusion as follows: 

This is because the approximate amount of D2E7 
circulating in the body two weeks after administering a 40 mg 
dose would have been roughly one half that dose (i.e., 
approximately 20 mg).  Because this amount of D2E7 remaining 
after two weeks would have been considered clinically effective 
in light of van de Putte 1999, a person of ordinary skill would 
have been motivated to pursue a 40 mg every-other-week 
subcutaneous dose. 

Id. (citing Ex. 1004 19–22; Ex. 1003 ¶¶ 32–34, 37–39). 

We agree with Petitioner’s analysis that one of skill in the art would 

have been motivated to modify van de Putte 1999’s 20 mg weekly dose to a 

40 mg biweekly dose based on the express teaching of Kempeni 1999 of a 

two-week interval for dosing, in addition to Kempeni 1999’s teaching of 

D2E7’s 11.6 to 13.7-day half-life. 

Patent Owner asserts that the prior art teaches away from the claimed 

invention.  Specifically, Patent Owner argues that one of ordinary skill in the 

art would not have relied on the clinical studies disclosed in Kempeni 1999 

to teach every-other-week dosing for van de Putte 1999’s 20 mg dose 

because the data from studies upon which Petitioner relies “show[] that 

every-other-week administration of 0.5 mg/kg dose (the weight-based dose 

Petitioner contends is equivalent to a fixed 40 mg does) was insufficient to 

treat RA across a patient population.”  Resp. 21–22.  Patent Owner relies on 

statements in Kempeni 1999 about the DE003 trial where “patients who did 

not respond well after 0.5 or 1 mg/kg received higher doses of up to a 

Appx207

Case: 17-2304      Document: 36     Page: 273     Filed: 12/13/2017



IPR2016-00409 
Patent 8,889,135 B2 
 

28 
 

maximum of 3 mg/kg.”  Resp. 23 (quoting Ex. 1011, 4).  Patent Owner 

points out that Kempeni also states that, in the DE004 trial, the “dose of 

D2E7 [of 0.5mg/kg] was increased to 1 mg/kg subcutaneously weekly for 

non-responders or those losing their responder status.”  Id. (quoting Ex. 

1011, 5).  

Patent Owner further relies on two figures in Rau 2000,9 another prior 

art reference that reports two outcome measures for the DE003 study 

described in Kempeni—Figure 4 reporting Disease Activity Score (“DAS”) 

and Figure 5 reporting the erythrocyte sedimentation rate (“ESR”).  Id. at 

24–25.10  Figures 4 and 5 are reproduced below. 

 

                                           
9 R. Rau et al., Experience with D2E7, 25 RHEUM. TODAY 83 (June 2000) 
(English Translation) (Ex. 2040, “Rau 2000”). 
10 The Disease Activity Score or DAS measures disease activity as a 
composite score of tender joints, swollen joints, erythrocyte sedimentation 
rate or ESR, and the patient’s assessment of health as measured on a visual 
analogue scale.  Ex. 1011, 4; Ex. 2071 ¶ 42. 
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Resp. 25 (annotated by Patent Owner).  Figure 4 set forth above shows the 

mean value of DAS for which the baseline value is 100 percent, and Figure 5 

set forth above shows the mean value of ESR during Study DE001/003 for 

which the baseline value is 100 percent.  Ex. 2040, 6–7. 

 Patent Owner states that one of skill in the art would have understood 

the following about the 0.5mg/kg dose set forth in both Figures 4 and 5. 

Although the graphs extend beyond 12 weeks, in both Figures 4 
and 5, the data for the 0.5mg/kg line ends at 12 weeks (unlike all 
of the other administered doses).  Ex. 2158, 6-7, Figs. 4-5; Ex. 
2071 ¶64; see Ex. 2070, 65:17-67:21, 69:11-17, 70:1-17 
(acknowledging that termination of the 0.5mg/kg line in 
Figures 4 and 5 “indicates that nobody received the .5mg/kg dose 
after week 12”) (emphasis added).  A POSA reviewing the prior 
art would have understood that all of the patients in the DE003 
study were up-dosed after 12 weeks (or withdrew from the study 
altogether) because the 0.5mg/kg dose was insufficient. Ex. 2071 
¶64; Ex. 2075 ¶86.  Consistent with this data, Rau 2000 
unambiguously states that only doses greater than 1mg/kg (i.e., 
greater than an 80mg fixed dose) provided longterm efficacy.  
Ex. 2040, 4. 
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Resp. 25–26.  Patent Owner concludes that “[g]iven its burden of proof, 

Petitioner’s case fails because the prior art shows that the 0.5mg/kg dose is 

ineffective.”  Id. at 27. 

 Patent Owner also asserts that Kempeni 1999’s biweekly dose 

actually teaches away from the claimed invention because the 2.5 week 

figure was calculated after 12 months of dosing D2E7, after Rau 2000 shows 

the discontinuation of the 0.5 mg/kg dose as discussed above.  Resp. 30–31.  

Patent Owner also asserts that the 2.5 week figure is the average dosing time 

across all tested doses, indicating the dosing interval for the 0.5 mg/kg dose 

would have been less than 2.5 reported for all doses that range up to 10 

mg/kg.  Id. at 31–32.  Also, the minimum two-week dosing interval 

regardless of relapse reported in Kempeni 1999 would skew the mean dosing 

interval higher than the average period during which relapse would occur.  

Id. at 32. 

 Finally, Patent Owner also states that the data in the van de Putte 

abstracts reporting 6 and 12-month data showed that the 20 mg/kg dose was 

sub-optimal.  Resp. 32–33 (citing Ex. 1008, 7; Ex. 2086, 2; Ex. 2090, 5; 

Ex. 2075 ¶¶ 93–94; Ex. 2071 ¶¶ 49–51, 81–82).  Patent Owner provides the 

following graph to illustrate its point. 
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Resp. 33 (citing Ex. 2071 ¶ 82).   

Patent Owner’s declarant, Dr. Gibofsky, states that the graph set forth 

above shows the following. 

The difference between 20 mg and the higher doses 
becomes even more evident at 12 months, where the percentage 
of patients receiving 40 and 80 mg weekly doses was numerically 
superior for every clinical measure outcome compared to 20 mg 
weekly. Ex. 2090 (van de Putte 2000b), 5.  Significantly, the 
patients in the 40 mg weekly group showed a 72% improvement 
in ACR 50 values compared to patients in the 20 mg weekly 
group.  See id.  This means that more patients receiving the 40 
mg weekly dose achieved a greater extent of improvement (i.e., 
at least 50% as measured by the ACR improvement criteria), 
compared to patients receiving the 20 mg weekly dose.  

Ex. 2071 ¶ 82. 

We do not agree with Patent Owner’s assessment of what the art 

teaches one of skill in the art.  We agree with Petitioner that Patent Owner’s 

response to Petitioner’s assertions of obviousness, at bottom, relies on an 

interpretation of the claim phrase “for a time period sufficient to treat the 

rheumatoid arthritis” with which we do not agree, namely, that this claim 

phrase requires a significant reduction in the signs and symptoms of RA.  

See Reply 2 (stating Patent Owner “overlooks that neither obviousness nor 

the claims require the single most effective dose”).  As we have stated, see 

supra Section II.B., the claims do not require a particular level of efficacy, 

but only reduction of the signs, symptoms, and/or progression of RA; 

therefore, we do not agree with Patent Owner’s arguments that the art 

teaches away from the claimed invention because other doses could be 

deemed of superior efficacy to the claimed dose. 

  A reference teaches away from the claimed invention if it criticizes, 

discredits, or would have discouraged a person of ordinary skill in the art 
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from “following the path set out in the reference,” or if a person of ordinary 

skill “would [have been] led in a direction divergent from the path that was 

taken by the applicant.”  In re Gurley, 27 F.3d 551, 553 (Fed. Cir. 1994); see 

In re Fulton, 391 F.3d 1195, 1201 (Fed. Cir. 2004).  The mere disclosure of 

alternative designs, however, does not teach away.  In re Mouttet, 686 F.3d 

1322, 1333–34 (Fed. Cir. 2012).   

Patent Owner fails to view what the references as a whole teach one 

of skill in the art.  First, van de Putte 1999 teaches subcutaneous 

administration of fixed doses, 20/40/80 mg doses, of D2E7.  Ex. 1008, 7; 

Ex. 1037, 159:10–160:20.  Patent Owner attempts to make efficacy 

comparisons between these doses as explained above, see Resp. 32–33, but 

as Dr. Weisman testifies and Dr. Gibofsky and Patent Owner agree, these 

studies were “not powered to provide statistically meaningful comparisons 

between doses.”  Resp. 11–12; Ex. 2071 ¶ 79 (stating a “POSA would have 

known that the study was not designed to provide statistically meaningful 

comparisons between doses, a point Dr. Weisman does not appear to 

dispute”); Ex. 1037, 155:11–160:20; Ex. 1003 ¶ 35 (stating “the data in van 

de Putte 1999 suggests that each dose was superior to placebo, but not that 

any dose was better or worse than another dose”). 

Kempeni 1999 discloses several clinical studies that utilized different 

dosing protocols.  DE003 was one of those clinical studies.  In the DE003 

study, patients received 0.5 to 10 mg/kg of D2E7 intravenously “every two 

weeks” until DAS (Disease Activity Score) responses could be rated as 

“good.”  Ex. 1011, 4 (emphasis added).  Thus, far from criticizing, 

discrediting, or discouraging the person of ordinary skill from pursuing a 

biweekly regimen, Rau 2000 and Kempeni 1999 expressly disclose such 
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dosing frequency.  By the same token, Rau 2000’s conclusion that “D2E7, 

with a half-life of 12 days, can be administered every two weeks as an 

intravenous injection over 3-5 minutes or subcutaneously” does not specify 

any particular dosage level, much less exclude any dosage level described in 

Rau 2000 to provide a teaching away.  See Ex. 2040, 8.  Also, Kempeni 

1999 does not criticize or disparage the effectiveness of the 0.5 mg/kg 

biweekly dose.  Rather Kempeni 1999 expressly concludes that the biweekly 

treatment of D2E7 “in the dose range from 0.5 to 10 mg/kg was well 

tolerated.”  Ex. 1011, 4; see Ex. 1037, 167:9–168:2; 170:8–19.  

Also, Rau 2000 describes the DE001/DE003 clinical study reported in 

Kempeni 1999 and results of that study.  Ex. 2040, 5–7, Figs. 2–5.  Rau 

2000 discloses that, in DE001, patients received an initial dose of 0.5 mg/kg, 

1 mg/kg, 3 mg/kg, 5 mg/kg, 10 mg/kg of D2E7, or placebo intravenously.  

Ex. 2040, 5.  Patients then entered the open label phase of the study, DE003, 

and received a second injection four weeks after the first injection.  Id.; see 

Ex. 1011, 4 (Kempeni 1999 describing the transition from DE001 to 

DE003).  Patients subsequently were administered injections when disease 

activity increased, at a minimum interval of two weeks.  Ex. 2040, 5.  In the 

abstract, Rau 2000 describes the DE003 study as a clinical trial in which 

“D2E7 was given in doses of 0.5–10 mg/kg [intravenously] over 3–5 

minutes every two weeks over a time period of now 1½ years.”  Id. at 4.   

We do note, as Patent Owner points out, that in discussing the 

DE001/003 studies, Rau 2000 states that one and a half years of treatment 

every two weeks intravenously with D2E7, which included a 0.5 mg/kg 

D2E7 dose, “resulted in an impressive statistically significant and long-

lasting reduction of disease activity (moderate DAS response in 80%, 
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decrease in the number of swollen and tender joints and the ESR > 50%) 

with all doses > 1 (3) mg/kg body weight.”  Ex. 2040, 4; see Resp. 26 (citing 

Ex. 2071 ¶ 64; Ex. 2075 ¶ 86).  Again, Patent Owner asks us to infer a 

conclusion that one of skill in the art would read this statement to mean that 

a 40 mg fixed-dose of D2E7 would be insufficient to treat RA from the 

absence of this dose in this statement in Rau 2000.  See Ex. 2071 ¶¶ 64–65; 

Ex. 2075 ¶ 86.  We do not agree with such a conclusion. 

First, a later prior art study, Weisman,11 tested a biweekly 0.5 mg/kg 

dose of D2E7 (and even a 0.25mg/kg dose), given in combination with 

methotrexate, and concluded that D2E7 “is well tolerated, safe and 

efficacious when given in combination with MTX in patients with 

longstanding RA.”  Ex. 1014, 5.  It appears counterintuitive to test a dosage 

that previously had been determined to be ineffective, as was done in 

Weisman.  We also agree with Petitioner that the prior art as a whole does 

not support a conclusion by one of skill in the art that the 0.5 mg/kg 

biweekly dose of D2E7 was ineffective.  See Reply 6–7 (citing Ex. 1011, 4; 

Ex. 2040, 6–7, Figs. 4-5, Ex. 2070, 61:20–64:17, Ex. 1037, 61:9–15; 

122:18–125:7; Ex. 1023; Ex. 1006, 5; Ex. 1029, 3; Ex. 1056); see also Reply 

6, n.5 (stating this statement in Rau 2000 “is therefore a positive report of 

efficacy at that time point [1 ½-year data], but is not expressly or impliedly 

reporting inefficacy for 0.5 mg/kg, whose efficacy data was reported through 

12 weeks”). 

                                           
11 Michael Weisman et al., A Dose Escalation Study Designed to 
Demonstrate the Safety, Tolerability and Efficacy of the Fully Human Anti-
TNF Antibody, D2E7, Given in Combination with Methotrexate (MTX) in 
Patients with Active RA, 43 ARTHRITIS & RHEUM. S228 (2000) (Supp.) 
(Ex. 1014, “Weisman”). 
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Also, Patent Owner’s assertion that all patients receiving a 0.5 mg/kg 

dose in Rau 2000 were up-dosed because such a dose was ineffective is not 

supported by any affirmative statement in Rau 2000 to that effect.  See 

Ex. 2040, 6–7 (showing 0.5mg/kg dose was effective at treating RA through 

12 weeks); Ex. 2070, 63:13–64:17; Ex. 1037, 122:18–125:7.  Kempeni 1999 

states that up-dosing was provided to patients “who did not respond well,” 

i.e., a response that could be rated as “good.”  Ex. 1011, 4.  Thus, those 

patients who achieved a moderate response may have been up-dosed, which 

would not mean that the lower dose was ineffective.  See Ex. 1055, 29 

(showing Remicade may be up-dosed for certain patients); Ex. 1038, 197:1–

204:14.  Further, Kempeni 1999 concludes that “long term intravenous 

treatment with D2E7 in the dose range from 0.5 to 10 mg/kg was well 

tolerated.”  Ex. 1011, 2; see also Ex. 1005 (describing the DE010 study, in 

which patients received 1 mg/kg intravenous or subcutaneous initial doses of 

D2E7, followed by an open label phase of subcutaneous injections of 

1 mg/kg D2E7 and explaining that “[s]ubcutaneous as well as intravenous 

injections of D2E7 at a dose of 1 mg/kg were safe and efficacious when 

given with standard, stable doses of [methotrexate] in patients with active 

RA”).  Accordingly, we determine that a preponderance of the evidence 

supports Petitioner’s position that the person of skill in the art would not 

have been discouraged from pursuing a 40 mg biweekly dosing regimen in 

view of the up-dosing disclosed in Kempeni 1999 or the DE001/DE003 

study results that Rau 2000 describes.         

As counsel for Patent Owner notes, Rau 2000 reports that “after the 

lower doses (0.5 or 1 mg per kg of body weight), the number of swollen 

joints gradually increased again.”  Ex. 2040, 6, Fig. 2; see Tr. 61:1–5.  
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Rau 2000 also reports that there was a worsening in ESR (erythrocyte 

sedimentation rate) after one week in the 0.5 mg/kg group.  Ex. 2040, 6.  

Patent Owner relies on these statements in Rau 2000 as support for its 

argument that the 0.5 mg/kg dose was ineffective.  Tr. 61:1–13.  Although 

Patent Owner’s argument has some merit, we do not find that Rau 2000 

indicates that the 0.5 mg/kg dose was “ineffective,” as Patent Owner argues.  

For example, Rau 2000’s description of the patients’ swollen joints notes 

improvement after administration of all doses, and Figure 2 shows a 

decrease in the number of swollen joints from week 0 (i.e., the beginning of 

the study) to week 2.  Ex. 2040, 6, Fig. 2; Ex. 2158, 6, Fig. 2 (high 

resolution version of Rau 2000 that depicts the figures with better clarity).  

We acknowledge that Rau 2000 discloses an increase in the number of 

swollen joints when the dosing interval was extended beyond two weeks, but 

find that such a teaching would not have counseled against a dosing regimen 

in which D2E7 is administered every two weeks. 

We also acknowledge that Rau 2000 reports an ESR in the 0.5 mg/kg 

group that was “worsening again already after one week.”  Ex. 2040, 6.  But 

that is only one of the ACR20 criteria.  See id. at 2.  And, despite that 

disclosure, Rau 2000 reports that “[o]bservation of an ACR-20 . . . response 

was determined, at any point in time, with about 42% of patients” in the 

0.5 mg/kg dosing group and about 65% of patients in the 1 mg/kg dosing 

group achieving an ACR20 response.  Id. at 6.  Thus, Rau 2000 indicates 

that the 0.5 mg/kg dose was effective in treating patients (i.e., reducing the 

signs, symptoms, and/or progression of RA).  That the 0.5 mg/kg dose was 

not the most effective dose is of no moment because, as explained above, the 
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claims do not require superior efficacy or treatment with the most effective 

dose.  See supra § II.B.  

(3) Concerns about anti-drug antibodies, therapeutic range of 
D2E7, and efficacy generally 

Patent Owner argues that the available PK data and clinical data for 

D2E7 would have discouraged a person of ordinary skill from pursuing the 

claimed dosing regimen in view of the risk of developing ADAs.  Resp. 21–

45.  With respect to the PK data, Patent Owner argues the data suggest that, 

at steady-state, the trough concentrations (i.e., Cmin
12) would have been 

expected to be too low and the fluctuations between Cmin and Cmax
13 greater 

than those of the 20 mg weekly van de Putte dose, thereby teaching away 

from the claimed dosing regimen.  Id. at 34–41.  Patent Owner contends that 

the lower Cmin values of a subcutaneous 40 mg biweekly dose would have 

triggered concerns about the risk of developing anti-drug antibodies, and that 

the greater Cmin and Cmax fluctuations would have triggered concerns about 

the safety of that dosing regimen.  Id. at 41–45.  To illustrate those points, 

Patent Owner directs us to modeling performed by Dr. Vinks using the 

available PK data and, where the data were not available, assumptions based 

on data for similar proteins.  Id. at 38–41; see Ex. 2075.    

Even assuming that the Cmin and Cmax values from Dr. Vinks’s 

modeling are correct, however, we agree with Petitioner that the conclusions 

                                           
12 Dr. Jusko testifies that “[t]he Cmin is the minimum blood, plasma, or serum 
concentration of a drug that is observed after administration of a dose and 
prior to the administration of the next dose.”  Ex. 1004 ¶ 26 n.6. 
13 Dr. Vinks testifies that “Cmax is the highest concentration of drug reached 
at the site of measurement.  It is determined by the rate of absorption, 
bioavailability, and the volume of distribution.”  Ex. 2075 ¶ 36. 
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Dr. Vinks draws from the modeling are not entitled to much weight because 

the minimum effective dose of D2E7 “was undefined in June 2001.”  

Ex. 2003 ¶ 53 n.2; Reply 11–12.  Thus, comparing the Cmin of a 40 mg 

biweekly dose to the Cmin of van de Putte 1999’s 20 mg weekly dose does 

not suggest that persons of ordinary skill in the art would have been 

discouraged from selecting a 40 mg biweekly dose of D2E7 out of concern 

for the potential of developing ADAs.        

Moreover, the available information regarding D2E7 suggests that, 

although the potential for developing ADAs was known, such potential 

would not have discouraged a skilled artisan from pursuing a 40 mg 

biweekly dose of D2E7.  In contrasting D2E7 with other biological anti-TNF 

treatments, Kempeni 1999 discloses that one would have expected the fully 

human D2E7 antibody to be less immunogenic (i.e., there would have been 

less of a concern with developing ADAs).  Ex. 1011, 1; see Ex. 1036, 30:13–

32:16.  That is, Kempeni 1999 explains that the therapeutic efficacy of 

infliximab (REMICADE®), a chimeric antibody that is part human and part 

mouse, and etanercept (ENBREL®), a human fusion protein, “may be 

limited by an immune response to their non-human elements or artificially 

fused human sequences.”  Ex. 1011, 3.  Kempeni 1999 further states that the 

fully human D2E7, “may have greater therapeutic potential” and 

“advantages in minimising antigenicity in humans.”  Id.; see also Ex. 1012, 

8 (“Since D2E7 consists only of human sequences, allergic reactions are less 

probable than with non-human monoclonal antibodies.”).  Neither Patent 

Owner’s arguments nor Dr. Vinks’s testimony regarding ADAs accounts for 

the differences between D2E7, which is fully human, and other biological 
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anti-TNF treatments, which are not.14  See Resp. 41–45; Ex. 2075 ¶¶ 62–75, 

160–166. 

We also do not find the evidence of record sufficient to show that 

fluctuations in Cmin and Cmax for a 40 mg biweekly treatment would have 

raised safety issues such that one of ordinary skill in the art would have been 

discouraged from using that dosing protocol.  Dr. Vinks testifies that “‘large 

fluctuations between C[max] and C[min] can be hazardous,’ particularly if the 

drug ‘has a narrow therapeutic range.’”  Ex. 2075 ¶ 42 (citing Ex. 2112, 11); 

see also id. ¶ 148 (“It was reported in the prior art that ‘the magnitude of 

fluctuations between the maximum and minimum stead-state plasma 

concentrations are an important consideration for any drug that has a narrow 

therapeutic range’” (emphasis added)).  Nothing in the record, however, 

suggests that D2E7 has a narrow therapeutic range.  Rather, as Petitioner 

explains, D2E7 has a wide therapeutic window and a relatively long half-

life.  Reply 12, 16–17; see Ex. 1011, 2 (reporting that D2E7 has a half-life of 

                                           
14 We also note that Kempeni 1999 reports D2E7 was safe and efficacious 
over a wide range of doses (i.e., from 0.5 mg/kg to 10 mg/kg).   Ex. 1011, 3.  
And Rau 2000, although recognizing that “idiotypical epitopes can represent 
a theoretical potential for allergic reactions” (i.e., reactions due to the 
development of ADAs), explains that that theoretical potential was not borne 
out in the data from the D2E7 clinical trials because “reactions which were 
described as allergic . . . did not recur in the same patients with continuation 
of the treatment” and “did not require any therapeutic intervention.”  
Ex. 2040, 8.  Further, the evidence suggests that an anti-TNFα treatment can 
be effective and safe even when some patients develop ADAs.  As Petitioner 
explains, REMICADE® and ENBREL® are approved for the treatment of 
RA, even though some patients using those products develop ADAs.  
Reply 15. 
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11.6 to 13.7 days, and that the drug was safe and efficacious in clinical trials 

when dosed over a range of 0.5 mg/kg to 10 mg/kg).      

 Finally, Patent Owner asserts that half-life alone does not provide 

sufficient information to design a dosing regimen and points to several 

biologics that do not dose according to a single half-life.  Resp. 35–48.  

Petitioner does not rely on half-life alone, however, to suggest the biweekly 

40 mg total body dose.  As Petitioner points out, the prior art correlated 

D2E7’s half-life with clinical data supporting the safety and efficacy of 

biweekly dosing.  Reply 16–17 (citing Ex. 1011, 4; Ex. 2040, 8).  Although 

we agree with Patent Owner that half-life alone may not be enough of a 

predictor for a dosing interval, the clinical data coupled with D2E7’s half-

life is. 

 In sum, we are not persuaded that the available PK data and clinical 

data for D2E7 would have taught away from selecting a 40 mg biweekly 

dose.  That does not end our inquiry, however, because Patent Owner 

presents arguments and evidence regarding objective indicia of 

nonobviousness that we must consider before reaching our conclusion on 

obviousness.  WBIP, LLC v. Kohler Co., 829 F.3d 1317, 1328 (Fed. Cir. 

2016).  We consider those arguments and evidence below.       

c. Objective Indicia of Nonobviousness 
Patent Owner argues that objective evidence of a long-felt, but unmet, 

need for new RA therapies, unexpected results, and commercial success 

(“secondary considerations”) supports the nonobviousness of the challenged 

claims.  Resp. 57–61.  “For objective evidence of secondary considerations 

to be accorded substantial weight, its proponent must establish a nexus 

between the evidence and the merits of the claimed invention.”  In re Huai-
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Hung Kao, 639 F.3d 1057, 1068 (Fed. Cir. 2011) (quoting Wyers v. Master 

Lock Co., 616 F.3d 1231, 1246 (Fed. Cir. 2010)).  We apply “a presumption 

of nexus for objective considerations when the patentee shows that the 

asserted objective evidence is tied to a specific product and that product ‘is 

the invention disclosed and claimed in the patent.’”  WBIP, 829 F.3d at 1329 

(citations omitted).  That presumption, however, is rebuttable.  Id.   

As explained further below, we are not persuaded that Patent Owner’s 

arguments and evidence support the nonobviousness of the challenged 

claims.   

(1) Commercial success 
Patent Owner offers evidence of the success of HUMIRA®, a 

commercial formulation of the claimed subject matter, to support the 

nonobviousness of the challenged method claims.  Resp. 60–61. 

“When a patentee can demonstrate commercial success, usually 

shown by significant sales in a relevant market, and that the successful 

product is the invention disclosed and claimed in the patent, it is presumed 

that the commercial success is due to the patented invention.”  J.T. Eaton & 

Co. v. Atl. Paste & Glue Co., 106 F.3d 1563, 1571 (Fed. Cir. 1997); WBIP, 

829 F.3d at 1829.  That presumption of nexus, however, is rebuttable, as “a 

patent challenger may respond by presenting evidence that shows the 

proffered objective evidence was ‘due to extraneous factors other than the 

patented invention.’”  WBIP, 829 F.3d at 1329.   

There is no dispute in this case that HUMIRA® is commercially 

successful.  Resp. 60; Reply 23–24 (discussing impact of sales of 

HUMIRA®); see Ex. 2073 ¶¶ 8–9 (Dr. Hausman testifying that HUMIRA® 

“has become a top-selling TNF inhibitor for the treatment of rheumatoid 
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arthritis”).  Patent Owner asserts that the success of HUMIRA® is 

attributable to “the claimed invention as a whole—a regimen that specifies 

the biological agent (D2E7), the method of administration (subcutaneous), 

the dose (40 mg fixed dose) and the dosing interval (13-15 days).”  Resp. 60. 

Petitioner, on the other hand, contends that any presumption of nexus 

has been rebutted because the features leading to any commercial success of 

HUMIRA® are not due to the claimed dosing regimen, but to prior art 

attributes such as the fully humanized D2E7 antibody itself.  Reply 23–24; 

Pet. 56–58.  To support its position, Petitioner directs us to Patent Owner’s 

patent directed to the D2E7 antibody itself and other uses of HUMIRA®.  

Pet. 57; Reply 26; Ex. 1025. 

Petitioner correctly notes that Patent Owner does not account for the 

other patents covering HUMIRA® in its efforts to establish commercial 

success.  See Tr. 33:60–35:20; Ex. 1034, 5–10 (Dr. Hausman testifying that 

he did not investigate whether the active ingredient versus the dosing 

regimen drove the commercial success of HUMIRA®).  Further, some of the 

record evidence attributes HUMIRA®’s commercial success to the fully 

human D2E7 anti-TNFα antibody, rather than the recited dosing regimen.  

Ex. 2031, 3 (“The scientific idea was to see if they could develop an 

antibody drug candidate against the TNF target that was ‘fully human’ . . . 

By using only human DNA in the drug, it was supposed to help the 

treatment circumvent immune-system surveillance, and therefore avoid 

triggering immune-system reactions that might cause additional side 

effects.”).  And, as explained above, the D2E7 antibody was known and 

patented.  Ex. 1001, 3:28–38; see generally Ex. 1025.  “Where market entry 

by others was precluded [due to blocking patents], the inference of non-
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obviousness of [the asserted claims], from evidence of commercial success, 

is weak.”  Galderma Labs., L.P. v. Tolmar, Inc., 737 F.3d 731, 740 (Fed. 

Cir. 2013).     

On this record, it is not clear whether the sales of HUMIRA® are due 

to the dosing regimen recited in the ’135 patent or the known and patented 

fully human D2E7 antibody.  Consequently, we cannot conclude from the 

evidence before us that the commercial success of HUMIRA® was due to the 

merits of the invention recited in in the ’135 patent.  Accordingly, we 

determine that Petitioner presents sufficient evidence to rebut the 

presumption of nexus between the commercial success of HUMIRA® and 

the claimed dosing regimen.  We, therefore, are not persuaded that Patent 

Owner’s evidence of commercial success supports the nonobviousness of the 

challenged claims. 

(2) Long-felt need 
Patent Owner contends there was a long-felt need for new RA 

therapies supporting the nonobviousness of the challenged claims.  

Resp. 57–58.  Specifically, Patent Owner argues that, as of June 2001, there 

was a need for new treatments for RA to address the clinical disadvantages 

associated with then-existing treatments.  Id.  In particular, Patent Owner 

asserts that although two anti-TNFα agents were approved as of 2001 (i.e., 

REMICADE® and ENBREL®), “[a] need thus existed for additional 

biologics with more advantageous dosing regimens,” and HUMIRA® 

satisfied that need where biologics from other companies failed.  Id. at 58.  

We are not persuaded that Patent Owner demonstrates that the 

claimed dosing regimen satisfied a long-felt, but unmet need for RA 

treatment.  For example, although Patent Owner presents some evidence that 
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there may have existed a need for RA treatments with a less frequent dosing 

schedule, (i.e., ENBREL® required twice weekly administration), the prior 

art already disclosed biweekly D2E7 dosing regimens.  See Ex. 1011, 4 

(Kempeni 1999 describing biweekly dosing of D2E7); Ex. 2040, 6–7, Figs. 

4, 5.  Likewise, Patent Owner contends that there was a need for 

subcutaneous dosing (i.e., REMICADE® was administered intravenously), 

but the prior art disclosed subcutaneous dosing of anti-TNFα agents 

generally, as well as subcutaneous dosing of D2E7.  See Ex. 2099, 5 (“The 

recommended dose of ENBREL for adult patients with [RA] is 25 mg given 

twice weekly as a subcutaneous injection”); Ex. 1008, 7 (van de Putte 199915 

describing subcutaneous dosing of D2E7).  Similarly, Patent Owner fails to 

tie its evidence of long-felt need to the 40 mg dose recited in the claims.       

Further, Patent Owner contends that D2E7 succeeded where other 

anti-TNFα agents did not, but does not sufficiently connect that success to a 

subcutaneous dose of 40 mg administered biweekly.  Rather, it appears from 

the evidence that the driving force behind the satisfaction of a long-felt need 

and success where others had failed was the introduction of the first fully 

human anti-TNFα antibody, not the claimed dosing regimen.  See Ex. 1011, 

3 (explaining that the therapeutic duration of chimeric antibodies and human 

fusion proteins “may be limited” by an immune response, and that fully 

human D2E7 “may have advantages in minimising antigenicity in humans”); 

Ex. 2074 ¶ 100 (Dr. Gibofsky’s testimony that prior art anti-TNFα inhibitor 

TNFbp dimer failed because a “‘significant antibody response’ was reported 

                                           
15 L.B.A. van de Putte et al., Efficacy of the Fully Human Anti-TNF Antibody 
D2E7 in Rheumatoid Arthritis, 59 Ann Rheum. Dis. (Supp.) S269 (2000) 
(Ex. 1008, “van de Putte 1999”). 

Appx224

Case: 17-2304      Document: 36     Page: 290     Filed: 12/13/2017



IPR2016-00409 
Patent 8,889,135 B2 
 

45 
 

that ‘affected the half-life and clearance of the TNFbp at each dose group’” 

tested (internal citation omitted and emphasis added)).  Accordingly, we are 

not persuaded that Patent Owner’s evidence of long-felt need supports the 

nonobviousness of the challenged claims.     

(3) Unexpected results 
Patent Owner argues that despite the lower predicted Cmin of the 

claimed dosing regimen and concern about formation of ADAs that would 

have followed from the lower Cmin, the claimed dosing regimen is 

unexpectedly effective.  Resp. 58–60.  Patent Owner does not direct us to 

sufficient evidence showing that the efficacy of a subcutaneous 40 mg 

biweekly dosing regimen would have been unexpected.  Nor does Patent 

Owner compare that dosing regimen to the closest prior art.  Kao Corp. v. 

Unilever United States, Inc., 441 F.3d 963, 970 (Fed. Cir. 2006) (“when 

unexpected results are used as evidence of nonobviousness, the results must 

be shown to be unexpected compared with the closest prior art” (internal 

quotations and citation omitted)); See generally Resp. 58–60.   Rather, 

Patent Owner simply reiterates its teaching away arguments.  We reject 

those arguments in the context of unexpected results for the same reasons 

provided above with respect to Patent Owner’s teaching away arguments.  

That is, we determine that a preponderance of the evidence suggests that a 

subcutaneous 40 mg biweekly dosing regimen would have been expected to 

be safe and effective at treating RA.                 

4. Conclusion as to obviousness 
Having considered the parties’ arguments and evidence, we evaluate 

all of the evidence together to make a final determination of obviousness.  In 

re Cyclobenzaprine Hydrochloride Extended-Release Capsule Patent Litig., 
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676 F.3d 1063, 1075 (Fed. Cir. 2012) (stating that a fact finder must 

consider all evidence relating to obviousness before finding patent claims 

invalid).  In so doing, we conclude that Petitioner has satisfied its burden of 

demonstrating, by a preponderance of the evidence, that the subject matter of 

claims 1–5 of the ’135 patent would have been obvious over the 

combination of van de Putte 1999 and Kempeni 1999. 

 Obviousness over Rau 1998, Schattenkirchner 1998,                         
and van de Putte 1999 

 Petitioner alleges that claims 1–5 also would have been obvious over 

Rau 1998, Schattenkirchner 1998, and van de Putte 1999.  Pet. 40–56.   

1. Rau 1998 
 Rau 1998, like Kempeni 1999, describes the DE003 study in which 

patients were treated with multiple intravenous doses of D2E7 every two 

weeks until the patient reached a good response according to European 

League Against Rheumatism (“EULAR”) response criteria of an absolute 

Disease Activity Scale (“DAS”) value of <2.4.16  Ex. 1006, 5.  After 

achieving a good EULAR response, a patient was retreated only when the 

DAS value increased to above 2.4 again.  Id.  Patients treated with 0.5 and 1 

mg D2E7/kg body weight were offered the possibility of a dose escalation.  

Id.  The mean dosing interval for the study was 2.5 weeks.  Id.  Rau 1998 

concluded that “D2E7 has been shown to be safe and efficacious in patients 

with active RA over 12 months.”  Id. 

                                           
16 EULAR response criteria use the DAS that indexes RA activity.  A DAS 
value is determined by a physician examining 28 joints in the shoulders, 
arms, hands, and knees, counting the number of joints that are swollen or 
tender.  Ex. 1003 ¶ 20.  Dr. Weisman testifies that a “‘good’ EULAR 
response is a reasonably stringent measure of treatment efficacy.”  Id. 
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2. Schattenkirchner 1998 
Schattenkirchner 1998 examined “the efficacy and tolerability of 

weekly s.c. administrations of new, fully human anti-TNF-alpha antibody 

D2E7.”  Ex. 1007, 5.  Patients received weekly doses of 0.5 mg/kg D2E7 as 

s.c. injections, but non-responders or patients who lost their responder status 

received s.c. injections at a dose of 1 mg/kg.  Id.  Based on data from up to 

six months of administration of D2E7, Schattenkirchner 1998 found that 

“plasma concentrations of D2E7 after multiple s.c. injections are comparable 

with those after i.v. injections of D2E7.”  Id.  Schattenkirchner 1998 

concluded that “[t]he s.c. administration of D2E7 has been shown to be safe 

and efficacious.”  Id.     

3. Analysis 
Petitioner asserts that a “40 mg subcutaneous dose is the only element 

that is not expressly disclosed by Rau 1998.  This element, however, would 

have been suggested by Schattenkirchner 1998 and van de Putte 1999.”  

Pet. 40.  Petitioner points out that Schattenkirchner 1998 demonstrates that 

“plasma concentrations of D2E7 after multiple s.c. injections are comparable 

with those after i.v. injections of D2E7,” and that s.c. administration of 

D2E7 has been shown to be safe and efficacious.  Pet. 43–44 (citing Ex. 

1003 ¶ 49).  Petitioner also relies on van de Putte 1999’s disclosure of a 40 

mg dose of D2E7.   Id. at 41–42.  Petitioner concludes that selecting the dose 

and route of administration would have been a “routine optimization” of Rau 

1998 yielding predictable results.  Id. at 42 (citing Ex. 1003 ¶¶ 41–51). 

In contesting Petitioner’s showing, Patent Owner offers arguments 

similar to those presented in the van de Putte 1999 and Kempeni 1999 

combination.  Resp. 62 (stating “Ground 2 is entirely redundant of 
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Ground 1” and “Ground 2 is contrary to the evidence for the same reasons as 

Ground 1 and is otherwise factually erroneous”).  First, Patent Owner asserts 

that the DE003 trial discussed in Rau 1998 (and Kempeni 1999 as discussed 

above) would not have demonstrated that every-other-week dosing of D2E7 

is effective or desirable; second, neither Rau 1998 nor Schattenkirchner 

demonstrates the efficacy of a 40 mg every-other-week dose, suggesting this 

dose would be inadequate; and third, a POSA would not have equated 

subcutaneous and intravenous routes of administration based on undisclosed, 

“preliminary data” from the DE004 trial discussed in Schattenkirchner, 

which used weight-based dosing, and would have had safety and efficacy 

concerns including the formation of ADAs.  Id. at 62–63 (referring to 

arguments presented in §§ II.A.1, 3, II.A.3, 4, IV.A.1.a, and IV.A.2.c).  

Patent Owner also relies on the same objective evidence of nonobviousness 

as for the van de Putte 1999 and Kempeni 1999 combination.  Id. at 54.   

For the reasons that we discussed concerning those arguments for the 

first combination of references, van de Putte 1999 and Kempeni 1999, we 

are persuaded that Petitioner establishes a reasonable likelihood of 

prevailing at trial on claims 1–5 of the ’135 patent. 

III. MOTION TO SEAL 

Patent Owner filed a Combined Motion to Seal and Motion for 

Protective Order.  Paper 25.  In its motion, Patent Owner seeks entry of the 

the Board’s default protective order, filed as Exhibit 2218.  Id. at 1.  Patent 

Owner moves to seal Exhibits 2217 and 2073A, and asserts that these 

exhibits contain non-public proprietary market data that was provided to 

Patent Owner by a non-party subject to Patent Owner’s obligation to 

maintain the confidentiality of the information.  Id. at 2.  Petitioner did not 
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file an opposition to Patent Owner’s Combined Motion to Seal and Motion 

for Protective Order.  

Upon review, good cause exists to enter the proposed Protective Order 

and seal the above exhibits. 

 

IV.  ORDER 

In consideration of the foregoing, it is hereby: 

 ORDERED that Petitioner establishes, by a preponderance of the 

evidence, that claims 1–5 of the ’135 patent are unpatentable;  

FURTHER ORDERED that the Default Protective Order (Ex. 2218) 

is hereby entered and shall govern the conduct of this proceeding unless 

otherwise modified;  

FURTHER ORDERED that Patent Owner’s Motion to Seal 

(Paper 25) is granted; 

FURTHER ORDERED that the following documents shall be sealed 

as “Board and Parties Only,” and will be kept under seal unless and until we 

refer to material in the papers or exhibits in a final written decision:    

Exhibits 2217 and 2073A; and  

 FURTHER ORDERED that this is a Final Written Decision; 

therefore, parties to the proceeding seeking judicial review of the decision 

must comply with the notice and service requirements of 37 C.F.R. § 90.2. 
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METHODS OF ADMINISTERING ANTl-TNFa. 
ANTIBODlES 

CROSS-REFERENCE TO RELATED 
APPLICMIONS 

1be present application claims the bcnefh of U.S. Provi
sional Application No. 60/296,961, filed Jun. 8, 2001. 

BACKGROUND OF THE INVENTION 

Tumor necrosis factor a (TNFcr.) is a cytokine produced by 
numerous eel I types, includ ing monocytes and macrophages. 
that was originally identified based on its capacity to induce 
the necrosis of certain mouse tumors (see e.g .. Old, L. (1985) 
Science 230:630-632). Subsequent ly. a factor termed cC1chec-
1in. associated with cachcxia, was shown to be the same 
molecule as TNFa. TNFcr. has been implicated in media1i11g 
shock (see e.g., Bemler, B. and Cerami, A. (1988)Annu. Rev. 
8ioche111. 57:505-518; Beutler, B. and Cerami. A. ( 1989) 
A11n11. Rev. l11111111nol. 7:625-655). Furthermore. TNFa has 
been implicated in the pathophysiology of a var iety of 01he r 
human diseases and disorders. including sepsis. infoctions, 
autoimmune diseases, 1ransplant rejection and grafl-versus
host disease (see e.g .. Vasilli, P. ( 1992) A nm1. Rev. /111111tmol. 
l 0 :411-452: Tracey. K. J. and Cerami. A. (1994) Armu. Rev. 
Med. 45:491-503). 

Because o f1he harmful role of human TN Fa ( (hTNFcr.) in 

2 
murine sequences. they st ill may elicit an unwanted inumu1e 
react ion. the human an1i-cltimeric antibody (HACA) reac
tion, especially when adminis1ered for prolonged periods, 
e.g .. for c hronic indications, such as rheumatoid arthri1is (sec 
e.g .. Ell io tt, M. J., et al. ( 1994) Lancet 344: 1125- 1J27; Elliot , 
M . J .. et a l. (1994) lancet 344: 1105-1110). 

A preferred bTNFcr. inhibitory agelll to murine mAbs or 
derivatives thereof (e.g., chimeric or humanized antibodies) 
would be an entirely humananti-hTNFa.antibody, since such 

10 an agent should not elicit 1heHAMA. reaction. even if used for 
prolonged periods. Humai1 monoclonal autoantibodies 
against hTNFcr. have been prepared using human hybridoma 
techniques (Boyle. P .. et al. (1993) Cell. /11111111nol. 152:556-
568: Boyle. P., el al. (1993) Cell. /11111111110/. 152:569-581; 

.l5 European Patelll Application Publication No. 614 984 A2 by 
Boyle. el al.). However. these hybridoma-dcrived mono
clonal autoamibodies were reported 10 have an a[fo1i1y for 
hTNFcr. !hat was too low to calculate by conventional meth
ods. were unable lo bind soluble hTNFcr. and were unable to 

20 neutralize hTNFcr.-induced cytotoxicity (see Boyle. et al.; 
supra). Moreover, the success of the human hybridoma tech
nique depends upon the natural presence in human peripheml 
blood of lymphocytes producing autoan1ibodics specific for 
hTNFa. Certain smdies have detected semm autoantibodies 

25 against hTNFcr. in human subjects (Fomsgaard, A.. et al. 
(1989) Scand. J. /11111111110/. 30:219-223; Bendtzen, K .. et al. 
(1990) Prug. le11Aucy1r: Biul. 108:447-452). whereas ulbt=rs 
have not (Leusch, 1-1-G .. et al. {1991) J. /11111111nol. Methods 

a variety of human disorders. therapeutic st rategics have been 
designed to inhibit or c ounteract hTNFcr. act ivity. Jn particu- 30 

lar, antibodies that bind to, and neutralize, llTNFcr. have been 
sought as a means 10 inhibit hTNFcr. activity. Some of the 
earliest of such antibodies were mouse monoclonal antibod-

139: 145-147). 
Alternative 10 nat11rally-o.ccurring human anti-hTNFa. 

antibodies would be a rccorubinalll hTNFa antibody. Rccom
binalll human antibodies that bind hTNfa with rela tively low 
affini1y (i .e., K ,1 10-1M) a nd a fas! off rate (i.e., K~.rl0-2 

sec-1
) have been described (Gri ffi ths. A. D., et al. (1993) ies (mAbs), secreted by hybridomas prepared from lympho

cytes of mice immunized with hTNFcr. (see e.g .. l Jahn T: ct al.. 
(1985)Proc Nail Acad Sci USA 82: 3814-3818: Liang, C-M .. 
ct al . (1986) Biochem. Biophys. Res. Colllillun. 137:847-854: 
Hirai, M .. et al. (1987) J. l111munol. Methods 96:57-62; 
Fendly, B. M., et al. (1987) l~vbridoma 6:359-370: Moller. 
A., '-'l al. (1990) Cytokine 2: 162-169; U.S. Pat. No. 5,23 1,024 
to Moeller et a l.; European Patent Publication No. 186 833 Bl 
by Wallach, D.; European Patent Application Publicat ion No. 
2 18 868 Al by Old ct al.: European Paten! Publication No. 
260 610 BI by Moeller. A., et al.). While these mouse anti
hTNFcr. amibodies often displayed high alfini1y for hTNFa 
(e.g.. Kdsl o-9 M) and were able to ncutralizchTNFcr.ac1ivi1y. 
the ir use in vivo may he limited hy pmhlems associated wilh 
administration of mouse an1ibodies 10 humans, stich as short 
sernm lk1lf life, an inability to trigger certain hwnan effector 
ti.!llctions and elicitation of an unwanted immune response 
ag.ainsl the mouse antibody in a human ( the "lnunan anti
mousc amibody" (HA.MA) reaction). 

Jn an attempt to overcome the problems associated with use 

35 EMBO J. 12:725-734). However. because of rheir relatively 
fast dissociation kinetics. these antibodies may no! be suitable 
for 1herapeu1 ic use.Additionally, a recombinant human anti
hTNFa has been described that does not neutralize hTNFa 
activity, but rather enhances binding ofhTNFa to the surface 

40 of cells an d enhances in1emaliza1ion ofbTNFcr. (Lidbury, A.. 
cl a l. ( 1994) Bioteclmol. Ther. 5:27-45: PCT Publication No. 
WO 92/03145 by Aslon. R. et al.) 

Recombinant human antibodies !hat bind soluble hTNl'c:t 
with high affinity and slow dis~ociation kinetics and that have 

45 the capacity to neutralize hTNFcr. act ivity, including hTNFcr.
induced cy101oxiciry (in vitro and in vivo) il!ld hTNFcr.-in
duced cell activation, have als·o been described (see U.S. Pal. 
No. 6,090,382). Typical protocols for admin.istering antibod
ies are performed intravenously on a weekly basis. Weekly 

50 dosing with amibodies and/or any drug can be costly. cum
bersome, and result in an increase in the muuber of side 
eJJccts due 10 the frequency of administration. Intravenous 
administration also has limitations in that the administration 
is usually provided by someone with medical training. of fully-murine an1ibodies in humans. murine auti-hTNFcr. 

antibodies have been genet ically engineered to be more 55 
"lrnmau-like.'' For example. chimeric antibodies, in which the 
variable regions of the antibody chains are murine-derived 
and the constant regions of the antibody chains arc human
derived. have been prepared (Knight, D. M. el al. ( 1993)Mo/. 
!111111unol. 30: 1443-1453: PCT Publication No. WO 92/16553 60 

by Daddona, P. E .. et a l.) . Additionally. humanized antibod
ies. in which the hypervariable domains of the an1ibody vari 
able regions arc murine-dcrivcd but the remainder of the 
variable regions aud the antibody constant regions arc 
human-derived, have a lso been prepared (PCf Publicaiion 65 

No . WO 92/11383 by Adair. J. R .. c t al.). Ilowcver. because 
these chimeric and htunanized antibodies still retain some 

SUMMARY OF nrn lNVENTlON 

The present invention provides methods for biwt.-ckly dos
ing regimens for the treatment ofTNFcr. associated disorders, 
preferably via a subcutaneous roulc. Biweekly dosing has 
many advantages over weekly dosing including. but no1 lim
i1ed 10, a lower number of101al injections. decreased number 
of injection site reactions (e.g .. local pain and swelling), 
increased patient compliauce (i.e .. due 10 less frequent injec
tions), and less cost 10 the paaiem as well as 1be health care 
provider. Subcutaneous dosing is advantageous because the 
patient may self-administer a therapeutic substance. e.g., a 
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human TNFa antibody, which is conve11ie111 for both the 
pat ient mld the he.ilth <.:<1re provider. 

4 

This invention provides methods for treating disorders in 
which TNFa activity is detrimenta l. The methods include 
ad.ministering biweekly, subcutaneous injectfons of antibod
ies to a subject. The antibodies preferably are recombinant 
lmmanantibodies that specifically bind to human TN Fa. This 
invention fi.1nher provides methods for treating disorders in 
which TNFa act ivity is detrimental. These methods include 
util i:ting a combination therapy wherein l1uman antibodies 
are administered to a subject with another therapeutic agent, 
such as one o r more additional antibodies that bind other 
targets (e.g .. antibodies that bind othercytokines or that bind 
cell surface molecules). one ormorecytok.ines. solubleTNFa 
receptor (see e.g .. PCT Publication No. WO 94/06476) and/or 
oa.e or more chemical agents thm inhibit hTNFa production 
or activity (such as cyclohexanc-ylidene derivatives as 
described in PCT Pub I ieation No. WO 93/ 19751 ), preferably 
methotrexate. The antibodies are prefer:ably recombinant 
hwnan antibodies that specifically bind to human TN Fa. 111e 
antibodies of the invention are characterized by binding to 
hTNFa with high affinity and slow dissociation kinetics and 
by neutralizing hTNfa activity, including hTNFa-induced 
cytotoxicity (in vitro and in vivo) and bTN Fa-induced cellu
lar activation. The antibodies can be full-length (e.g., an lgG I 
or lgG4 antibody) or can comprise only an antigen-binding 
portion (e.g .. a Fab. F(ab'h · scFv fragment or single domain). 
The most preferred recombinant antibody of the invention, 
termed D2E7. bas a Jig.ht chain CDR3 domain comprising the 
amino acid sequence of SEQ ID NO: 3 and a heavy chain 
CDR3 domain comprising; the amino acid sequence of SEQ 
ID NO: 4 (set forth in Appendix B). Preferably. the D2E7 
antibody has a light chain variable region (LCVR) compris
ing the amino acid sequence of SEQ ID NO: I and a heavy 
chain variable region (I !CVR) comprising the amino acid 
sequence of SEQ ID NO: 2. These antibodies are described in 
U.S. Pat. No. 6,090,382. incorporated in its entirety herein by 
reference. 

determined by surface plasnion resonance, and neutralizes 
human TNFa cytotoxicity in a standard in vitro L929 assay 
with an IC50 of lxJ0-7 Mor less. More preferably, the iso
lated human antibody, or autigen-binding portion thereof, 
dissociates from human 1NFa with a K0,-of 5x I 0-4 s- 1 or 
Jess. o r even more preferably, with a K0ffof Ix I 0-4 s-• or less. 
More preferably. the isolated human antibody. o r antigen
binding portion thereof. neutralizes human TNFa cytotoxic
ity in a standard in vitro L929 assay with an IC50 or I x l0-8 M 

10 or less, even more preferably with an JC50of l x i o-" Mor Jess 
and still more prefen1bly with an lC , 0 of l x1031 10 Mor Jess. 

In aimlher embodiment. the invention provides methods of 
treating disorders in which "INFa activity is detrimental by 

15 the biweekly, subcutaneous administration to the subject a 
human aJltibody. or antigen-binding portion thereof.1l1e anti
bv<ly ur m1tigcu-binding purl iuu thereof prefcrnbly lrns the 

following characteristics: 
a) dissociates from human TNFa with a K0ffof l x lo- 3 s- 1 

20 or less, as determined by surface plasmon resonai)ce; 
b) has a light chain CDR3 domain comprising the amino 

acid sequence of SEQ ID NO: 3. or modified from SEQ ID 
NO: 3 by a single alanine substitution at position l. 4, 5, 7 or 
8 or by one to five conservative amino acid substitutions at 

25 posit ions 1, 3. 4. 6, 7, 8 and/or 9: 
c) has a heavy chain COR3 domain comprising the amino 

acid sequence of SEQ ID NO: 4. or modified from SEQ ID 
NO: 4 by a single ala11ine substitution at position 2 , 3. 4, 5. 6. 
8. 9, J 0 or JI or by one to five conservative amino acid 

30 subst itutions at positions 2, 3. 4. 5, 6, 8, 9. I 0. I I and/or 12. 
More preferably. the antibody, or antigen-binding ponion 

thereof. d issociates from human TN Fa with a K0..,.of 5xl 0-4 

s-• or less. Still more preferably. the antibody. or antigcu
binding ponion thereof. d issociates from human TNFa with 

35 a K0;-of Ix J 04 s-1 or less. 

ln one embodimem, the invention provides methods of 
treating disorders in which TNFa activity is detrimental. 40 
These methods include inhibiting human TNFa activity by 
sulbcuraneous, biweekly administration of an anti-TNFa anti
body such that the disorder is treated. The d isorder can be. for 
ex.ample, sepsis. an autoinllllune disease (e.g .. rheumatoid 
arnhritis, allergy. mul1iple sclerosis. auto:immune diabetes. 45 

au toimmune uveitis and nephrotic syndrom e), an infectious 
disease. a malignancy. transplant rejection or graft-versus
host disease, a pulmonary disorder. a bone disorder. an intes
tinal disorder or a cardiac disorder. 

ln another embodiment. the invention provides methods of so 
treating disorders in which TNFa activity is detrimental. 
These methods include inhibiting htunan TNFa activity by 
subcutaneous adminis1ration of an ami-TNFa antibody and 
methotrexate such tha1 the disorder is trea1ed. In one aspect. 
methotrexate is admin istered together with an anti-1NFa 55 
amibody. Jn another aspect. methotrexate is administered 
prior to the administration of an anti-TNFa antibody. Jn still 
another aspt.'Ct. methotrexate is administe-red subsequent to 
the administration of an anti-TN Fa antibody. 

In a preferred embodiment, the anti-TNFa antibody used 60 

to treat disorders in which TNFa activity is detrimenta l is a 
human anti-TNFa anti.body. Even more preferably. treatment 
occurs by the biweekly, subcutaneous ad.ministration of an 
isolated human antibody, or an antigen-binding portion 
thereof. Tbeamibody or antigen-binding portion thereof pref- 65 

erably dissociates from human TN Fa with a Kd of J x10-• M 
or less and a K

0
ff rate coustant of J xJ0-3 s-• or less. both 

Jn yet another embodiment. the invention provides meth
ods of treating disorders iu wh.ich TNFa activity is detrimen
tal. 1l1ese methods include a biweekly, subcutaneous admin
istration to the subject a hrnman antibody. or an ai1tigen
binding portion thereof. The antibody or antigen-binding 
portion U1ereof preferably contains au LCVR having CDR3 
domain comprising the anuno acid sequence of SEQ ID NO: 
3 , or modified from SEQ ID NO: 3 by a single a la nine sub
stitution at posit ion l . 4. 5. 7 or 8, ai1d with an HCVR having 
a CDR3 domain comprising tbe amino acid sequence of SEQ 
ID NO: 4 , or modified from SEQ ID NO: 4 by a single alanine 
substimtion at posit ion 2. 3, 4, 5. 6, 8, 9. 10 or I I. More 
preferably, the LCVR fmtber has a CDR2 domain oomprising 
the aiuino acid sequence of SEQ ID NO: 5 and the HCYR 
further has a CDR2 domain comprising the amino acid 
sequence of SEQ 1 D NO: 6. Still more preferably. the LCVR 
further bas CORI domain comprising the amino acid 
sequence of SEQ ID NO: 7 and the HCVR bas a CORI 
domain comprising the amino acid sequence of SEQ ID NO: 
8. 

Jn still another embodiment, the invention provides meth
ods of treating disorders in which TNFa activity is detrimen
tal by subcutaneously administering to the subject, biweekly. 
an isolated. human antibody. or an antigen binding portion 
U1ercof. The antibody or antigcn-biudingpo11ion thereof pref
erably contains an LCVR compris ing the amino acid 
sequence of SEQ ID NO: 1 and an HCVR comprising the 
ainino acid sequence of SEQ ID NO: 2. In certain embodi
ments. the antibody bas an IgG I heavy chain constant region 
or an JgG4 heavy chain constant region. l u yet other embodi
ments. the antibody is a Fab fragment, an F(ab'h fragment or 
a single chain Fv fragment. 
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In still other embodiments. the invention provides methods 
of treating disorders io which the administration of an anti 
TNFa. antibody is beneficial by subcutaneously administer-

6 
FIG. 5 depicts the percentage of ACR responders following 

a single iotraveoous it1jec1 ionoflbeantibody D2E7 and metb
otrexa te in patients su!Jering from RA. 

DETAILED DESCRIPTION OF THE INVENTION 

This invention pe11ains to methods of treating, d isorders in 
which the adnlinistration of an anti-TNFa. antibody is ben
eficial comprising the administration of isolated human anti
bodies, o r antigen-binding portions thereof. that bind to 
human TNFo. with high affinity, a low o1T rate and high 
neutralizing capacity such that the disorder is treated. Various 
aspects of the invention relate to treatment with antibodies 
and antibody fragments, and phannaceutical compositions 
thereof. 

In order tlml the pre...,nl inventiun muy bt: mure rt:t1<lily 
understood. certain terms are first defined. 

ing to the subject, biweekly. one or more aDti·TNFa. antibod
ies. o r anrigen-binding portions thereof. TI1e antibody or 
antigen-binding portion thereof preferably contains an LCYR 
having CDR3 domain comprising an amino acid sequence 
selected from the group consisting of SEQ JD NO: 3, SEQ ID 
NO: 11. SEQ ID NO: 12. SEQ ID NO: 13. SEQ JD NO: 14. 
SEQ JD NO: 15, SEQ ID NO: 16, SEQ JD NO: l 7, SEQ ID 10 

NO: 18. SEQ ID NO: 19. SEQ ID NO: 20. SEQ ID NO: 21. 
SEQ ID NO: 22. SEQ ID NO: 23. SEQ ID NO: 24, SEQ ID 
NO: 25, SEQ ID NO: 26 or with an llCVR having a CDR3 
domain comprising an amino acid sequence selected from the 15 
group consisting of SEQ ID NO: 4, SEQ ID NO: 27. SEQ ID 
NO: 28. SE(..110 NO: 29. SEQ ID NO: 30. SEQ 'II) NO: 31. 
SEQ TD NO: 32, SEQ TD NO: 33, SEQ TD NO: 34 and SEQ 
IDNO: 35. The term "<losing". as used herein, refers tu tht: a<lmiuis-

20 tration of a substance (e.g., an anti-TNFa. antibody) to 
achieve a therapeutic objective (e.g.. the treatment of a 
TNFa.-associatcd disorder). 

Still another aspect of the invention pe.rtains to kits con
tai rting a fommlation comprising a phannaccutical composi
tio n. ll1e kits comprise an anti-TNFa antibody and a phar
maceutically acceptable carrier. The kits contain instrnctions 
for biweekly subcutaneous dosing of the phannaceutical 
composi tion for the treatment of a disorder in which the 
administration of ao anti-TNFa antibody is beneficial. In 
<1uutl:oer <1spcct. tl1e iuvt:ution pertains to kjts coutainiug, a 
formulation comprising a phannaceutical composition, fur
ther comprising an ant i-TNFa antibody, methotrcxate. and a 
pharmaceutically acceptable carrier. The kits contain instruc
tions for subcutaneous dosing of the phanllaceutical compo
sition for the treatment of a disorder in which the administra
tion of an anti-TNFa a ntihody is heneficial. 

Still another aspect of the invention provides a preloaded 
syll'inge containing a phannaceutical composition comprising 
an anti-TNFa. antibody and a phannaceutically acceptable 
carrier. Jn still another aspect. the invention provides a pre
loaded syringe containing a phannacetnical composition 
comprisingananti-TNFa.antibody, mcthotrexatc, and a phar
maceutically acceptable carrier. 

BRIEF DESCIUPTION OF THE DRA WlNGS 

FIG. 1 depicts Lhe American College of Rheumatology 20 
(ACR20) and ACR50 responses for patients suffering from 
rheumatoid arthritis (RA) after subcutaneous dosing with the 
aillihody D2E7 every week for a total of twelve weeks (top). 
or subcutaneous dosiog with the antibody D2E7 and meth
oorexate every other week (bonom) for a total of twenty-four 
weeks. These data indicate that every other week dosing is as 
effective as every week dosing. 

FIG. 2 depicts ACR20. ACRSO, and ACR70 responses for 
pat ients suffering from RA after subcutaneous dosing with 
the antibody D2E7 and methotrexate every other week at 
rwenty-four weeks. 

FIGS. 3A and 38 depict time courses of tender joint count 
(3A) and swollen joint cotmt (38) over twenty-four weeks for 
patients suffering from RA after subcutaneous dosing with 
D2E7 and methotrexate every other week at twenty-four 
weeks. 

FIG. 4 depicts results from a short form health survey 
(SF-36) from patients sulTering from RA after subcutaneous 
dosing with the antibody D2E7 and metholrexate every other 
week at twenty-four weeks. RP. role physical: PF. physical 
function; BP. bodily pain: GH. genera l heaJth: V. vital ity; SF. 
social functioning; RE, role emotional: and ME. mental 
health. 

The tem1s "'biweekly dosing regimen", "'biweekly dosing'', 

and "biweekly administratiolll", as used herein. refer to the 
25 time course of administering a substance (e.g., an anti-TNFa. 

antibody) to a subject to achieve a therapeutic obj ective (e.g .. 
the treatment of a TNFa-assoeiated disorder). The biweekly 
dosing regimen is not intended to include a weekly dosing 
regimen. Preferably. the substance is admia.istered every 9-19 

30 days. more preferably, every 11 -17 days, even more prefer
ably, every 13-15 days. and most preferably. every 14 days. 

TI1e tem1 "combination therapy". as used herein, refers to 
the administration oJ two or more therapeutic substances. 
e.g .. an anti-a. antibody and thcdrngmethotrexate. The meth-

35 otrexatc may be admiillstered concomitant with, prior to. or 
following the administration of an anti-TNFa antibody. 

The term "human TNFa" (abbreviated herein as hTNFo., 
or simply hTNF), as used herein, is intended to refer to a 
human cytokine that exists as a 17 kD secreted form and a 26 

.. o kD membraue associated form. the biologically active form 
of which is composed of a trimer of noncovalently bound 17 
kD molecules. The structure ofTNFa. is described further in , 
for example. Pennica, D .. et al. (1984) Nature 312 :724-729: 
Davis, J.M., et al. (1987) Biochemistry 26: 1322-1326: and 

45 Jones. E.Y.. et a l. (I 989) Nature 338:225-228. The tenn 
human TNFa is intended to include recombinant human 
TNFn (rhTNFn), which can he prepared by standard recom
binant expression methods or purchased conui1ercially (R & 
D Systems, Catalog No. 210-TA, Minneapolis. Minn.). 

so TI1e term "antibody'', as used herein. is intended to refer to 
immunoglobulin molecules comprised of four polypeptide 
chains. two heavy (H) chains and two light (L) chains iuter
co1uiected by disulfide bonds. Each heavy chain is comprised 
ofa heavycbain variable region (abbreviated herein as HCYR 

55 or VH) and a heavy chain constant region. The beavy chain 
constant region is comprised o fthree domains. Cl-11 , Cl-12 and 
Cl-13. Each light chain is comprised ofa light chain variable 
n .. -gion (abbreviated herein as LCYR or VL) and a light chain 
constant region. "n1e light chain constant region is comprised 

60 of one domain, CL. The YH and VL regions can be further 
subdivided into regions of hypervariability, tem1ed comple
mentarity detennining regions (CDR). interspersed with 
regions tliat are more conserved. termed framework regions 
(FR). Each YH and VL is composed of three CDRs and four 

65 FRs, arranged from amino-terminus to carboxy-renninus in 
the following order: FRJ . CDRI. FR2, CDR2. FR3. CDR3, 
FR4. 
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ll1e term "antigen-binding portion" of an antibody (or 
simply "<mlibo<ly porlion"). <is us"'d h..,r..,in. r"'fon; lo on"' or 
more fragments of an antibody 1ha1 retain 1hc ability to spe
cifically bind lo an antigen (e.g., hTNFa). h has been sbown 
that the antigen-binding func1ion of an antibody can be per
for med by fragmcllls of a ful1-leng1h antibody. Examples of 
binding fragments encompassed within the term "antigen
binding portion" of an antibody include (i) a Fab fragment. a 
monovalent fragmelll consisting of the VL, \111, CL and CH 1 
domains: (ii) a F(ab'), fragment. a bivalen1 fragmen1 compris- 10 
ing two Fab fragments linked by a disulfide bridgeatthe hinge 
region: (iii) a Fd fragment consisting of the VH and CH I 
domains: (iv) a Fv fragment consis1ing of the VL and VH 
domains ofa single arm ofan antibody. (v) a dAb fragment 
(Ward el al., ( 1989) Nature 341 :544-546). which consists of a .l5 

VEcl domain; and (vi) an isola1ed complemen1ari1y determin
ing region (CDR). Furlhcrmore. although the two domains of 
1he Fv fragment. VL a11d VH. a re coded for by separate genes, 
they can be joined, usi11g recombinant methods, by a synthetic 
linker that enables them to be made as a single protein chain 20 

in which the VL and VH regions pair to form monovalent 
molecules (known as s ingle chain Fv (scFv); see e.g., Bird el 
al. (1988) Science 242:423-426: and Huston el al. (1988) 
Proc. Natl. A cad. Sci. USA 85:5879-5883). Such single chain 
antibodies are also intended to be encompassed within the 25 

term "antigen-binding. portion" of au antibody. Other forms 
of single chain antibodies. such as diabodics arc also encom
passed. Dia bodies are bivalent, bispecific antibodies in which 
VB and VL domains are expressed on a s ingle polypeptide 
chain. but using a linker !hat is too short to allow for pairing 30 

between the two domains on the same chain, thereby forcing 
the domains to pair wi th complementary domains of another 
chain and creating 1wo antigen binding sites (sec e.g., llol
ligcr, P .. et al. ( 1993) Proc. Natl. Acad. Sci. USA 90:6444-
6448: Poljak, R. J .. cl al. (1994) Structure 2:1 12 1-11 23). 35 

Still farther, an antibody or allligcn-binding portion thereof 
may be part of a larger immunoadhcsion molecules. formed 
by covalen1 or noncovalent association of the antibody or 
antibody portion with one o r more other proteins or peptides. 
Examples of such immlllloadhesion molecules include use of .io 
the streptavidin core region to make a tetr:uneric scFv mol
ecule (Kipriyallov, S . M .. el al.(! 995) Human Antibodies and 
Hybridomas 6:93-101 ) and useofa cystcine rcsiduc, a marker 
peptide and a C-terminal polybistidiue tag to make bivalent 
and biotinylated scFv molecules (Kipriyanov, S. M .. e1 al. 45 

(1994) Mo/. !11111111110!. 31:1047-1058). Antibody portions. 
such as Fah and F(ah')2 fragments. can be prepared from 
whole antibodies using conven1ional 1echniques, such as 
papa in or pepsin digestion, respectively, of whole antibodies. 
Moreover, antibodies, antibody portions nnd immunoadhe- 50 
sion molecules can be obtained using standard recombinant 
DNA techniques. as described herein. 

ll1e tenn "human antibody", as used herein. is intended to 
iDclude an1ibodies having variable and constant regions 
derived from human gennline immunoglobulin sequences. 55 
The human antibodies of the invention may include amino 
acid residues not encoded by human gennline immunoglo-

8 
expressed. created or isola1ed iby recombinant means. such as 
anlibodics cxprc:ssed using a recombinan1 "'xpr..,ssion vf;!clor 
transfcctcd into a bosl cell (dcscrib~-d further in Sec1ion IT . 
below). antibodies isolated fro m a recombinant, combinato
rial human antibody library (described fur1ber in Section Ill , 
below), amibodics isolaied from all animal (e.g., a mouse) 
that is transgenic for human immlllloglobulin genes (see e.g .. 
Taylor, L. D., et al. (1992)Nuc/. Acids Res. 20:6287-6295) or 
antibodies prepared. expressed. created or isolated by any 
01her means that involves splicing of human immunoglobulin 
gene sequences to other DNA sequences. Such recombinant 
human antibodies have variab le and constant regions derived 
from human gennline immunoglobulin sequences. ln certain 
embodiments. however. such recombinam human antibodies 
are subjec1ed to in vitro mutagenesis (or, when an animal 
1ransgenic for humall Jg sequences is used, in vivo soma1ic 
mutagenc.-sis) and thus the amino acid sequences of the \Ill 
and \IL regions of1he recombinant an1ibodies are sequences 
that. while derived from and related 10 human gennJine VH 
and \IL sequences. may not na turally exist within the human 
antibody gcnnliue repenoire in vivo. 

An "isolated an1ibody", as used herein, is intended to refer 
to all amibody tha1 is substantially free of other antibodies 
baving different ant igenic specificit ies (e.g., an isolated an1i
body that specifically binds hTNFa is substantially free of 
antibodies that specifically bind antigens orher than hTNFa). 
An isolated antibody that sp<.-cifically binds hTNFa may. 
however, have cross-reactivity to 01her an1igens, such as 
hTNFa molecules from othea: species (discussed in further 
deiail below). Moreover, an isolated antibody may be sub
stantia lly free of other cellular material and/or chemicals. 

A "neutralizing antibody", as used herein (or ru1 "antibody 
thal neutralized hTNFa activity"), is intended 10 refer 10 an 
antibody whose binding to hTNFa results in inbibi1ion oflhe 
biological activity ofhTNFa. This inhibition of the biologie<tl 
activity ofbTNFa can be assessed by measuring oue or more 
ind.icaiors of hTNFa biological aclivity. such as hTNFa
induced cytotoxicity (either in vitro or in vivo), hTNFa
induced cellular activation and hTNFa binding to hTNFa 
receptors. These indicaiors of hTNFa biological activity can 
be assessed by one or more of several standard in vitro or in 
vivo assays known in the an (see Example 4). Preferably. 1he 
ability of an antibody to neutmlize hTNFaactivity is assessed 
by inhibition of lffNFa-induced cytotoxicity of L929 cells. 
As an addi1ional or altema1ive parameter ofhTNFo. activity, 
1he ability of an antibody lo inhibit hTNFa-induccd expres-
sion of Rf .AM-1 on HIJVF.C:, as a measure of hTNFa-in
duced cellular activation, can be assessed. 

The tenn "surface p lasmo11 resonance'', as used herein, 
refers to a n optical phenomenon thnl aJJows for the analysis of 
real-time biospecific interactions by detection of a lterations 
in protein conccntra1ions within a biosensor matrix. for 
example using the BIAcore system (Pharmacia Biosensor 
AB. Uppsala. Sweden and Piscataway. N.J.). For further 
descriptions, see Example 1 a nd JOnsson, U .. e t al. (1993) 
Ann. Biol. C/i11. 51: 19-26: Jonsson. U .. et al. (1991) Biotech-
niques 11 :620-627: .lohnsson, 8 .. et al. ( 1995) J. Mo/. Rec
ognit. 8:125-131; and Johnnson, B .. Cl al. (199 1)Ana/. Bio
chem. 198:268-277. 

The term "K0j'. as used herein. is intended to refer lo the 
off rate constan1 for dissocia1ion of an an1ibody from the 
antibody/antigen complex. 

bu lin sequences (e.g., mulalions inlroduced by random or 
site -specific mutagenesis in vitro or by somatic mutation in 
vivo). for example in the CDRs and in particular CDR3. 60 

However. the 1em1 "human antibody". as used herein. is not 
inuended to include antibodies in which CDR sequences 
derived from the gcrmlinc of anolhcr mammalian species. 
such as a mouse, have been graf1ed onto human framework 
sequences. 

The lcrm "K.f'. as used herein. is inlcndcd to refer to !he 
dissociation conslant of a particular antibody-antigen inter-

65 action. 
TI1c lenu "recombinant human antibody", as used herein. 

is intended lo include all human alllibodies that arc prepared, 
TI1c lerm .. nucleic acid molecule". as used herein. is 

intended to include DNA molecules and RNA molecules. A 
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nucleic acid molecule may be single-stranded or double
slrandc<l. bul prefornbly is duublc-stnmded DNA. 

Tue lerm "isolated nucleic acid molecule". as used herein 
in reference lo nucleic acids encoding antibodies or antibody 
portions (e.g., Yf-1, YL, CDR3) that bind hTNFo., is intended 
to refer to a nucleic acid molecule in wbicb tbc nucleolidc 
sequences encoding the antibody or antibody portion are free 
of other nucleotide sequences encoding antibodies or anti
body portions tlmt bind antigens other lhan bTNI'o.. which 
other sequences may naturally flank the nucleic acid in 
huunan genomic DNA .. Thus, for example, an isolated nucleic 
acidofthe inventio n encoding a YH region of an anti -hTNFo. 
ant ibody contains no otbcr sequences encoding other VH 
regions that bind antigens other than hTNFo.. 

Tue term "vector". as used herein. is intended to refer to a 
nucleic acid molecule capable of transport inganother nucleic 
acid to whicb it bas been linked. One type of vector is a 
"plasmid". wbich refers to a circular double stranded DNA 
loop into which additional DNA segments may be ligated. 
Another type of vector is a viral vector, wherein additional 
DNA segments may be ligated into the viral genome. Certain 
vectors are capable o f autonomous replication in a host cell 
into which they are introduced (e.g .. bacterial vectors having 
a bacterial origin of replication and episomal mammalian 
vectors). O lher vectors (e.g., non-cpisomal mammalian vec
tors) can be integrated into the genome of a host cell upon 
introduction into the host cell, and thereby arc replicated 
along with the host genome. Moreover, certain vectors are 
capable of directing the expression of genes to which they are 
operatively linked. Such vecto rs are referred to herein as 
"recombinant expression vectors" (or simply, "expression 
vectors"). In general. expression vectors of utility in recom
biJnant DNA techniques are often in the form of plasmids. Jn 
the prcsenl specificalion, "plasmid" and '"vector" may be used 
inuerchangcably as the plasmid is the most commonly used 
form of vector. However. the invention is iutended to include 
such other fom1s of expression vectors, sucb as viral vectors 
(e.g., replication defective retroviruses, adenoviruses and 
adeno-associated viruses). which serve equivalent fi.mctions. 

111e tcnn "rccombinanl host cell" (or simply "host cell"). 
as used herein. is intended to refer to a cell into which a 
recombinant expression vector has been introduced. lt should 
be understood that such terms arc intendexl to refer not only to 
the particular subject cell but to the progeny of such a cell. 
Because certain modifications may occur in succeeding gen
erations due to either mutation or environm enta l influences. 
such progeny may nor. in fact. he identical to the parent cell. 
but are siill included within 1he scope o ft be term "host cell" 
as used herein. 

10 
In one aspect. the invenlion pertains to treating disorders in 

which the adminislrntion of m1 anti-TNFu antibo<ly is ben
eficial. These treatments include the biweekly, subculancous 
administration of D2E7 antibodies and antibody portions, 
D2E7-related antibodies and antibody portions. and other 
buman antibodies and antibody portions wilh equivale11t 
properties to D2E7, such as high a:ffmity binding to hTNFo. 
with low dissociation kinetics and high neutralizing capacity. 
In one embodiment, the invelllion provides treatment with an 

10 isolated human antibody. or an antigen-bindil)g portion 
thereof. that dissociates from human TNFa witli a Kd of 
J x Io·• Mor less and a K

0
ffrate constant of J x Io-.> s- • or less, 

both detennined by surface plasmon resonance. au1d neutral
izes htunan TNFo. cytoloxicity in a standard in vitro L929 

.l5 assay with an IC so of 1xi0-7 Mor less. More preferably. the 
isolated human antibody, or antigen-binding portion thereof, 
dissociates from human TNFo. with a K0_,.of 5xl o-i s- 1 or 
less, o r even more preferably. with a K0ffof J x i 0-4 s- ' or less. 
More preferably, the isolated human antibody. o r antigen-

20 binding portion thereof. neutralizes human TN Fa cytotoxic
ity in a sta ndard in vitro L929 assay with an 1Cs0 of l x 10-• M 
or less, even more preferably w ith an JC5 0 of Ix I 0-9 M or less 
and sti ll more preferably with an lC50 oflxJ0· ' 0 Morless. ln 
a preferred embodiment, the antibody is an isolated human 

25 recombi11ant au11ibody, or an anligen-binding portion thereof. 
It is well known in the art tbat antibody heavy and light 

chain CDR3 domains play an important role in the binding 
specificiry/affioity of an a ntibody for an antigen. Accord
ingly. in another aspect, the invention pertains to methods of 

30 treating disorders in which the adminislration of an anti
TNFo. antibody is beneficial by subcmaneous admjn.istration 
ofhunmn antibodies that have slow dissociation kinerics for 
association wilh hTNFo. and that have light and heavy chain 
CDR3 domains tbat structurally are identical to or related to 

35 those of D2E7. Position 9 of the D2E7 VL CDR3 can be 
occupied by Ala or ·nir with.out substantially affecting the 
K0.r Accordingly, a consensus molif for the D2E7 VL CDR3 
comprises the amino acid sequence: Q-R-Y-N-R-A-P-Y-(T/ 
A) (SEQ ID NO: 3 ). Additionally. position 12 of the D2E7 

40 VII CDR3 can be occupied by Tyr or Asn. without substan
tially aflecting the K

0
_.,. Accordingly. a consensus motif for 

the D2E7 YH CDR3 comprises the amino acid sequence: 
Y-S-Y-L-S-T-A-S-S-L-D-(Y/N) (SEQ JD NO: 4). Moreover, 
as demo11strnted in Example 2 of U.S. Pat. No. 6,090,382. the 

45 CDR3 domain of the D2E7 beavy and light chai11s is ame
nable to substillllion with a single alanine residue (at position 
I . 4. 5, 7 or R within the Vf. Cl)R3 or at position 2, 3, 4. 5. 6, 
8, 9, JO or 11 within tbe VB CDR3) wilhout sub slantially 

Various aspects of the invention are described in forther 50 
delai l in the following subsections. 

affecting the K0.tr Still furtl1er, the skilled artisan will appre
ciate that, given the amenability of the D2E7 YL and YH 
CDR3 domains to substitutions by alanine, subs1it11tion of 

J. Efoman Antibodies that Bind Human TNFo. 
ll1is invention provides methods of treating disorders in 

wbicb the administration o f an anti-TNFo antibody is ben
eficial. These methods include the biweekly, subcuraneous 
administration of isolated human antibodies. or antigen-bind
ing portions thereof. that bind lo human TNFo. with high 
affinity. a low off rate and high neulraliz.ing capacity. Prefer
ably. the human antibodies of the invention are recombinant. 
neutralizing human anti-hTNFa amibodies. The most pre
lerred recombinant, neutralizing ant ibody of the invent ion is 
referred to herein as D2E7 (lhe amino acid sequence of the 
D2E7 VL region is shown in SEQ ID NO: J; the amino acid 
sequence of the D2E7 VII region is shown in SEQ JD NO: 2). 
The properties ofD2E7 have been described in Salfeld et al., 
U.S. Pat. No. 6.090.382. which is incorporall.'d by reference 
herein. 

other amino acids within the CDR3 domains may be possible 
while still retaining the low off rate constant of the antibody, 
in particular substitutions with conservative amino acids. A 

55 "conservative amino acid subs titution'', as used herein. is one 
in which one an1ino acid residue is replaced with another 
amino acid residue having a similar side chain. Families of 
amino acid residues having similar side chains have been 
defined in lhe art, including basic side chains (e.g., lysine, 

60 arginine. histidine), acidic side chains (e.g .. aspa11ic acid, 
glutamic acid), uncharged polar side chains (e.g .. glycine. 
asparagioe. glutamine, serine. threonine, 1yros ine, cysteine), 
non polar side chains (e.g .. alanine. valine. lcucinc. isolcu
cine, praline. phenylalanine, methionine, tryptopban). beta-

65 branched. side chains (e.g .. tbreonine. valine, isoleucine) and 
aromatic side chains (e.g .. tyrosine, phcnylalallinc, tryp
topban. hislidi11c). Preferably. no more than one to five con-
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servat ive amino acid substit11tions are made within the D2E7 
VL and/or VJ-I CDR3 domains. More preforably, no more 
than one to three conservative amioo acid substitutions are 
made within the D2E7 VL and/or VJ-I CDR3 domains. Addi
tionally. conservative amino acid substinnions should not be 
made at amino acid positions critica l for l>inding to hTNFa. 
Positions 2 and 5 of the D2E7 VL CDR3 and positions land 
7 of the D2E7 VJ-I CDR3 appear to be critical for interaction 
wi th hTNFa and Llrns, conservative amino acid substitutions 
preferably arc not made at these positions (although an ala
nine substitu tion ai position 5 of the D2E7 VL CDR3 is 
acceptable. as descr ibed above) (see U.S. Pat. No. 6,090,382). 

Accordingly, in another embodiment, the invention pro
vides methods oftre<it ing disorders in which the administra
tion of an anti-TNFa a nt ibody is beneficial by the biweekly. 
sulbcutancuus a<l111i11is1rn1iuu of au isulatet.I huma11 ;mtibo<ly. 
or antigen-binding portion thereof. llie ant ibody or antigen
birnding portion theroof preferably conta ins the following 
characte rist ics: 

a) dissociates from human TNFa. with a K.,_,.rate constant 
o f I x10-s-1 or less. as detemined by surface plasmoo 
resonance; 

b) has a light chain CDR3 domain comprising the amino 
acid sequence of SEQ JD NO: 3, or modified from SEQ 
JD NO: 3 by a single alanine substitutioo at position l. 4. 
5. 7 or 8 or by one to five conservative amino acid 
substitutions at positions I , 3. 4, 6, 7, 8 and/or 9; 

c) has a heavy chai11 CDIO domain comprising Lbe amino 
acid sequeoce of SEQ ID NO: 4, or modified from SEQ 
ID NO: 4 by a singlealaoine substitlllion at pos ition 2. 3, 
4. 5. 6, 8, 9. I 0 or 11 or by one to five conservative amino 
acid substitutions a l positions 2, 3. 4. 5. 6. 8, 9, JO. J J 
and/or 12. 

More preferably, the antibody. or antigen-binding portion 
thereof. dissociates from lrnman TNFct with a K.,_,.of Sxl 0-4 
s-' or less. Even more preferably. the antibody. or antigco
binding portion thereof, d issociates from human. TNFa with 
a K

0
.fof Ix I 0-4 s-1 or less. 

ln yel another embodiment. the invention provides meth
ods of treating disorders in which the administration of an 
ant i-TNFa a11 1ibody is beneficial by the b iweekly. subcuta
noous administration of an isolated human antibody, or an 
antigen-binding portion thereof. The a111ibody or fUltigen
binding portion thereof preferably contains a light chain v-.iri
able region (LCVR) having a CDR3 domain comprisi11g Lhc 
amino acid sequenceo fSEQ JI) NO: 1,or modified from SEQ 
ID NO: 3 by a single alanine substi1i11ioo ai position I, 4, 5, 7 
or 8, and with a heavy chain variable region (HCVR) having 
a C DR3 domain comprising the amino acid sequence of SEQ 
ID NO: 4. or modified from SEQ ID NO: 4 by a single alanine 
substi1u1io11 at position 2. 3. 4. 5. 6. 8. 9. 10 or I I. Preferably. 
the LCVR fortber has a CDR2 domain comprising the amino 
acid sequence of SEQ ID NO: 5 (i.e .. the D2E7 VL CDR2) 
and the l!CVR further has a CDR2 domain comprising the 
amino acid sequence of SEQ ID NO: 6 (i .e., the D2E7 Vl-l 
CDR2). Even more preferably. the LCVR further has CDRI 
domain comprising the amino acid sequence of SEQ ID NO: 
7 (i.e., the D2E7 VL CORI) and the HCVR has a CORI 
domain comprising the amino acid sequence of SEQ ID NO: 
8 ( i.e .. Lhe D2E7 VI-I CDR I). ll1e framework regions for VL 
preferably are from the V ,J human gem1line fam ily, more 
preferably from the A20human gennline Vk gene and most 
preferably from the D2E7 VL framC\vork sequences shown in 
FIGS. I A and I B ofU .S. Pat. No. 6,090,382. 111e framework 
rt.-gions for Vll preferably arc from the Vll3 human gcnnliuc 
fa1mily, more preferably from the DP-31 human genuliue V[-l 

12 
gene and most preferably from Lhe D2E7 VH framework 
st.-qucnce;:·s shown in FIGS. 2A <md 2B U.S. P~I. No. 6.090. 
382. 

Jn still anotl1er embodimen1, the invention provides meth
ods of treating disorders in which tl1e administration of an 
anti-TNFa. antibody is beneficial by tl1e biweekly. sul>cuta
neous administration of an isolated human antibody, or an 
antigen binding portion thereof. ll1e antibody or antige11-
bincii11g portio11 thereof preferably contains a ligbl chain vari-

10 able region (LCVR) comprising the amino acid sequeoce of 
SEQ ID NO: I (i.e., tl1e D2ETVL) and a heavy chain variable 
region (HCVR) comprising the amino acid sequence of SEQ 
ID NO: 2 (i.e .. the D2E7 Vl-J). In cert·ain embodiments. the 
antibody comprises a heavy chain constant region, sucb as an 

.15 lgG 1. lgG2. lgG3. lgG4. lgA, JgE. IgM or lgD constant 
rt.-gion. Preferably, the heavy chain coostant region is an lgGI 
heavy chain constant region or an lgG4 heavy chaiJ1 constant 
region. Furt·hermore. the antibody can comprise a light chain 
constant region. either a kappa light chain constant region or 

20 a lambda light chain constant region. Preferably, the antibody 
comprises a kappa light chain constant region. Alternatively, 
the a nt ibody portion can be, for example, a Fab fragment ora 
single chain Fv fragmeot. 

In still other embodiments, 1he iovention provides methods 
25 of 1rea1ii1g disorders in which the administration of au anti

TNFa. antibody is beneficial by the biweekly. subcutaneous 
administration of an isolated human antibody. or an antigen
binding portions thereof. The antibody or aotigen-bioding 
portion thereofprcfcrably con.tains D2E7-rclatcd VL and VII 

30 CDR3 domains, for example, antibodies, or antigen-binding 
portions thereof, with a light chain variable region (LCVR) 
having a CDR3 domain comprising a n amino acid sequence 
sclcc1cd from the group consisting of SEQ ID NO: 3. SEQ ID 
NO: l L SEQ ID NO: l 2. SEQ ID NO: 13. SEQ 1D NO: 14, 

35 SEQ ID NO: 15. SEQ ID NO: 16, SEQ ID NO: 17, SEQ lD 
NO: 18. SEQ ID NO: J 9. SEQ ID NO: 20. SEQ JD NO: 2 1. 
SEQ ID NO: 22. SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID 
NO: 25 and SEQ ID NO: 26 o r with a heavy chain variable 
region (1-ICVR) having a CDRJ domain comprising an amino 

40 acid sequence sclec1cd from the group consisting of SEQ ID 
NO: 4. SEQ ID NO: 27. SEQ ID NO: 28. SEQ ID NO: 29. 
SEQ ID NO: 30. SEQ ID NO: 31. SEQ ID NO: 32. SEQ ID 
NO: 33. SEQ ID NO: 34 and SEQ ID NO: 35. 

A.11 antibody or antibody portion of the invention can be 
45 derivatized or linked 10 anot11er funct ional molecule (e.g., 

another peptide or protein). Accordingly, the antibodies and 
ant ihody portions of lhe invention are intended to include 
derivatized and otherwise modified forms of the human anti
hTNFa antibodies described herein, including imrnlllloadhe-

50 sion molecules. For example. an antibody or antibody portion 
of the invention can be fonctionally linked (by chemical cou
pling, genetic fusion, noncovalent association or otherwise) 
10 one or more o ther molecular entil ies, such as another 
<lntibody (e.g .. a bispecific antibody or a diabody), a detect-

55 able agent, a cytotoxic agent. a pham1aceu1ical agent, and/or 
a protein or peptide thal can mediate associate of the antibody 
or antibody portion with another molecule (such as a strepta
vidin core region or a polyhistidinc tag) . 

One type of derivatized antlibody is produced by crosslink-
60 ing two or more antibodies (of the same type or of different 

types. e .g ., Lo create bispecific antibodies) . Suilable 
cross linkers include those that are heterobi funct ional. having 
two distinctly reactive groups separated by an appropriate 
spacer (e.g., m-maleimidobenzoyl-N-bydroxysuccinimide 

65 ester) or bomobifu11c1iooal (e .g., disuccinimidyl suberate). 
Such linkers are available from Pierce Chemical Company. 
Rockford, Ill. 
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Useful detectable agents with which an antibody or anti
body porlion of lhc invention may be derivalized include 
fluorescent compounds. Exemplary !luorcscclll delectable 
a&ents include fluorcscein, fluoresccin isothiocyanatc, 
rbodamine, 5-<limethylamioe- 1-oapthalenesulfonyl chloride. 
phycoerythrin and the like. An antibody may also be dcriva
tized with detectable enzymes. such as alkaline phosphatase. 
horseradish peroxidase, glucose oxidase and the like. When 
an antibody is dcrivat ized with a detectable enzyme, it is 
detected by adding additional reagents th<•t the enzyme uses 10 
to produce a detectable reaction product. For example, whe n 
the detectable agent horseradish peroxidase is present, the 
addi tion of hydrogen peroxide and diaminobenzidine leads to 
a colored reaction product. which is detectable. An antibody 
may also be derivatized with biotin. and detected througb .l5 

indirect measurement ofavid in or strcptavidin binding. 
I I. Expression of Antibodies 

An antibody. o r antibody portion, of the invention can be 
prepared by recombinant expressionofimmunoglobulin light 
and heavy chain genes in a host cell . To express an amibody 20 

recombina ntly. a host cell is transfected with one or more 
recombinant expression vectors carrying, DNA .fragments 
encoding the inummoglobulin light and heavy chains of the 
;111tibody such that the l ight ;ind heavy chains are expressed in 
the host cell and. preferably. secreted into tl1e medium in 25 

which the host cells are culn1red. from which medium the 

14 
Once the germline VH and VL fragments are obtained, 

these sequences can be mutated to encode the D2E7 o r D2E7-
related amino acid sequences disclosed herei11. TI1e amiDO 
acid sequences encoded by the geru1line VH and VL DNA 
sequences are first compared to the D2E7 or D2E7 -related 
VI-I and VL amino acid sequences to identify amino acid 
residues in the D2E7 or D2E7-rclatcd sequence that diffor 
from gennline. Then, the appropriate nucleotides of the ger-
mline DNA sequences are m utated such th at the mutated 
gcrnlinc sequence encodes tbe D2E7 or D2E7-rela tcd amino 
acid sequence. using the genetic code to determine which 
nucleotide changes should be made. Mutagcncsis of the ger
mline sequences is carried ou I by standard methods. such as 
PCR-mediated mutagenesis (in which the mutated nucle
otides are incorporated into the PCR primers such that the 
PCR product co11tains the 111utatio11s) or siLe-diructe<l 
mutagenesis. 

Once DNA fragments encoding D2E7 or D2E7-related VI-I 
a nd VL segments are obtained (by amplification and 
mutagenesis of gcrmlinc VH and VL genes. as described 
above), these DNA fragments can be further manipulated by 
standard recombiaant DNA techniques, for example to cou
vert the variable region genes to full-length antibody chain 
genes, to Fab fragment genes or to a scFv gene. In these 
manipulations. a VL- or VH-encodi11g DNA fragment is 
operatively linked lo another DNA fragment encoding 
another protein. such as an antibody constant region or a 
flexible linker. The term "operatively linked". as used in this 

ant ibodies can be recovered. Standard recombinant DN.;.\ 
methodologies are used 10 obta in amibody heavy and light 
chain genes. incorporate these genes into recombinant 
expression vectors a nd introduce the vecto rs into host cells. 
such as those described in Sambrook. Fri'tsch and Maniatis 
(eds). Molecular Cloning; A Laboratory Manual, Second 
Edition. Cold Spring Harbor. N.Y., (1989). Ausubel. F. M. c t 

JO context, is intended to mean that the two DNA fragments are 
joined sucb that the amino acid sequences encoded by the t'~o 
DNA fragments remain in-frame. 

al. (eds.) Current Protocols in Molecular Biology. Greene 
Pu blishing Associates. (1989) and in U.S. Pat. No. 4,816,397 J 5 

by Boss et al. 
To express D2E7 or a D2E7-rclatcd antibody. DNA frag

ments encoding the lig'ht and heavy chain variable regions are 
first obtained. These DNAs can be obtained by amplification 
and modifica tion of germlinc light and heavy chain variable .io 
sequences using the polymerase chain reaction (PCR). Ger
mline DNA sequences. for human heavy and light chai11 vari
able region genes arc known in the art (sec e.g .. the "Vbasc" 
hutruan genul ine sequence database; see also Kabat, E. A., et 
al. ( 1991) Sequences of Proteins of Immunological lnterest, 4 5 

Fijlh Edition, U.S. Department of Health and Human Ser
vices. NIH Puhlication No. 9 1-3242: Tomlinson. I. M ., et al. 
(1992) "The Repertoire of Human Gem1line V H Sequences 
Reveals about Fifty Groups of V H Segments with Different 
Hypervnriable Loops" J. Mo/. Biol. 227:776-798: and Cox, J. so 
P. L. et al. ( 1994) "A Directory of Human Germ-line V78 
Segments Reveals a Strong Bias in their Usage" Eur. J. lmmu
nol. 24:827-836: the contents of each of which are expressly 
iDcorporated berein by refere11ce). To obtain a DNA fragment 
encoding the heavy c ha in variable region of D2E7. or a 55 
D2E7-related antibody. a member of the V H3 family of 
hmnan gennline VH genes is am plified by standard PCR. 
Most preferably, the DP-31 Vl:-1 gcm1linc sequence is ampli
fied. To obtain a DNA fragment encoding the light chain 
variable region ofD2E7, or a D2E7-rclatcd antibody, a mcm- 60 

ber of the V "I family of human germline VL genes is ampli
fied by standard PCR. Most preferably, theA20 VL gem1line 
sequence is amplified. PCR primers suitable for use in ampli
fying the DP-3J germline VH and A20 germline VL 
sequences can be designed based on tbe nucleotide sequeaces 65 

disclosed in th e references cited supra, usiJ1g standard meth
ods. 

The isolated DNA encoding the VH region can be cou
verwd to a full-lengtb heavycbaingene by operatively linking 
the VI I-encoding DNA to another DNA molecule encoding 
heavy chain constant regions (CHI. CH2 and Cl-13). The 
sequences of human heavy chain constant region genes arc 
known in.the art (see e.g. , Kabat, E.A .. et al (199l)Sequences 
of Proteins of /11111111nologica/ Interest, Fifth Edition, U.S. 
Department ofllealth and Hu.ma11 Services. NJH Publication 
No. 91-3242) and DNA fr::igments encompassing these 
regions c.an be obta ined by standard PCR amplification. The 
heavy chain constant rcg,io n can be an lgGI. lgG2, lgG3, 
lgG4. lgA. IgE, lgM or Jg)) constant region. but most pref
erably is an lgG I or lgG4 constant region. For a Fab fragment 
heavy chain gene, the VJ·l-encoding DNA can be operatively 
linked to another ONA molecule encoding only the heavy 
chain Cl-1 1 constant region. 

The isolated DNA encoding the VL region can be con
verted to a foll -length light chain gene (as well as n Fab light 
chain gene) by operatively linking the VL-encoding DNA to 
another DNA molecule encoding the ligbt chain constant 
region, CL. 111e sequences of human light chain constant 
region genes are known in the art (see e.g .. Kabat. E. A .. et al. 
(1991 )Sequences of Proteins of /111m1111ological Interest. Fijlh 
Edition. U.S. Department of 1-lealth and Human Services, 
NTH Publication No. 91 -3242) and DNA fragmen ts encom
passing these regions can be obtained by standard PCRampli
fication. 11ie light chain constant region can be a kappa or 
lambda constant region. but most preferably is a kappa cou
stant region . 

To creale a scFv gene, tbe VH- ai1d VL-encodiog DNA 
fragments arc operatively linked to another fragment encod
ing a flexible linker. e.g., encoding the amino acid sequence 
(Gly4 -Ser),. such that the Vl-l and VL sequences can be 
expressed as a contiguous single-chain protein, with tbc VL 
and VH regions joined by the flexible linker (see e.g .. Bird ct 
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al. (1988) Science 242:423-426; Huston et al. (1988) Proc. 
Nari. A cad. Sci. USA 85:5879-5883: McCaJTcrty ct <1l.. Nat11re 
(1990) 348:552-554). 

To express the antibodies, or antibody portions or the 
invention. DNAs encoding partial or full-leogtb light and 
heavy chains. obtaint'Cl as described above, are insencd into 
expression vectors such that the genes are operatively linked 
to transcriptional and translational control sequences. In this 
context, the term "operatively linked" is intended to mean that 
<10 antibody ge11e is ligated into a vector such that transcrip
tional and translational control sequences within the vector 
serve their intended function of regulating the transcription 
and translation of the antibody gene. TI1e expression vector 
and expression control sequences are chosen to be compatible 
wi.th the expression host cell used. The antibody light chain 
geJ1e and the antibody heavy chain gene can be inserted into 
separate vectoror. morc typically. both genes arc insencd into 
tbe same expression vector. The antibody genes are inserted 
intto the expression vector by standard methods (e.g., ligation 
of complementary restriction sites on the antibody gene frag
ment and vector, or blunt end ligation if no restr iction sites arc 
present). Prior to insenion of the D2E7 or D2E7-related light 
or heavy chain sequences, the expression vector may already 
carny anti body constant region sequences. For example, one 
approach to convening the D2E7 or D2E7-related VJ-I and YL 
sequences to full-length antibody genes is 10 insert them into 
expression vectors already encoding heavy chain constant 
and light chain constant regions. respectively. such that the 
VB segment is operatively linked to the CH segment(s) 
wi thin the vector and the VL segment is operatively lin,ked to 
the CL segment withi n the vector. Additionally or alterna
tively. the recombinant expression vector can encode a signal 
peptide t11at facilitates secretion of the anti body chain from a 
host cell. The antibody chain gene can be cloned into the 
vector such that the signal peptide is linked in-frame to the 
amino tenninus oftbe antibody chain gene. The signal pep
tide can be an immunoglobulin signal peptide or a hctcrolo
gous signal peptide (i.e., a signal peptide from a non-immu
noglobulin protein). 

ln addition to the antibody chain genes. the recombinant 
expression vectors of the invention carry regulatory 
sequences that control the expression of the antibody chain 
genes in a host cell_ The tcnn "regulatory sequence" is 
inuended to includes promoters, enhancers and other expres
s ion control elements (e.g .. polyadenylatiol1 signals) that con
trol the transcription or translation of the antibody chain 
genes. Such regulatory sequences aredescrihed. for example. 
in Goedde!; Gene Expression Technology: Methods in Enzy
mology 185,Academic Press, Sru1 Diego, Calif. ( 1990). It will 
be appreciated by those skilled in the art that the design of the 
expression vector. i11cluding the selection of regl1latory 
sequences may depend on such factors as the choice of the 
host cell to be transfom1ed. the level of expression of protein 
desired. etc. Preferred regulatory sequences for mammalian 
host cell expression include viral elements that direct high 
levels of protein expression in mammalian cells. such as 
promoters and/or enhancers derived from cytomegalovirns 
(Cl\1V) (such as the CMV promoter/enhancer). Simian Vims 
40 (SV40) (such as the SV40 promoter/enhancer), adenovi
n.1s. (e.g., the adcnovin.1s major late promoter (AdMLP)) and 
polyoma. For further description of viral regulatory elements, 
and sequences thereof. see e.g .. U.S. Pat. No. 5.168,062 by 
Stinski, U.S. Pat. No. 4.510.245 by Bell ct al. and U.S. Pat. 
No. 4.968,615 by Schaffner et al. 

In addition to the amibody chain genes and regulatory 
sequences. the recombinant expression vectors of the inven
tion may carry addit ional sequences. such as sequences that 

16 
regulate replication of the vector in host cells (e.g., origins of 
rcplicatiun) and sck.-.:tablc markt:r gt:ncs. The sckctablc 
marker gene facilita tes selection of host cells into which the 
vecto r has been introduced (see e.g., U.S. Pat. Nos. 4,399, 
216, 4,634.665 and 5.179,017. all by Axel et al.). For 
example. typically the selectable marker gene confers resis
tance to drngs. such as G4 J 8, hygromycin or methotrexate. on 
a host cell into which the vector has been introduced. Pre
ferred selectable marker genes include the dihydrofolate 

10 reductase (DHFR) gene (for use in dbfr- host cells with 
methotrexate selection/amplification) ruid the neo gene (for 
G418 selection). 

For expression of the light a11d heavy chains. the expression 
vector(s) encoding the heavy and light chains is transfected 

.l5 into a host cell by standard techniques. The various forms of 
the term " transfection" are intended to encompass a wide 
variety of techniques commonly used for the introduction of 
exogenous DNA into a pro karyotic or eukaryotic host cell , 
e.g., electroporation, calcium-phosphate precipitation, 

20 DEA E-dextran transfection and the like. Although it is theo
retically possible to express the antibodies of the invention in 
either prokaryotic or eukaryotic host cells, expression of anti
bodies in eukaryotic cells, and most preferably rniunmalian 
bost cells , is the most preferred because sucheukaryoticcells, 

25 and in particular mammalian cells, arc more likely than 
prokaryotic cells to assemble ru1d secrete a properly folded 
and il1llllunologically active antibody. Prokaryotic expression 
of antibody genes has been reponed to be ineffective for 
production of high yields of active antibody (Boss, M.A. and 

30 Wood. C.R. (1985) 111111111110/ogy Today 6: 12-13). 
Preferred mammalian host cells for expressing tJ1e recom

binant antibodies of the invention include Chinese Hamster 
Ovary (CHO cells) (including dhfr- CHO cells, described in 
Urlaub and Chasin. (1980) Proc. Natl Acad. Sci. USA 

35 77:421 6-4220, used with a DHFR selectable marker, e.g .. as 
described in R. J. Kaufman and P.A. Sharp (l 982) Mo/. Biol. 
159:601-621 ), NSO myeloma cells, COS cells and SP2 cells. 
When recombinant expression vectors encoding, antibody 
genes are introduced into mammalian host cells, the antjbod-

40 ics arc produced by cultl1ring the host cells for a period of time 
sufficient to allow for expression of the antibody in the host 
cells or, more preferably. secretion of the antibody into the 
culture medium in which the host cells arc grown. Antibodies 
can be recovered from the culture medium using standard 

45 protein purification methods. 
Host cells can also be used to produce ponions of intact 

antibodies, such as Fah fragments or scFv molecules. It will 
be understood that variation:; on the above procedure are 
within the scope of the present invention. For example, it may 

so be desirable to transfect a host cell with DNA encoding either 
the light chain or the heavy chain (but not both) of ru1 antibody 
of this invention. Recombinant DNA technology may also be 
used to remove some or all of the DNA encoding either or 
both oJ the light and heavy chaiDs that is not necessary for 

55 binding to hTNFa. TI1e molecules expressed from such tru11-
cated DNA molecules are also encompassed by the antibodies 
of the invention. In addition, ilifanctional antibodies may be 
produced in which one heavy and one light chain arc an 
antibody of the invention and the other heavy and light chain 

60 are specific for an antigen other than hTNFa by crosslinking 
an antibody of the invention to a second antibody by standard 
chemical crosslinking methods. 

In a preferred system for recombinant expression of an 
antibody. oraatigen-bindingponion thereol~ofthe invention. 

65 a recombinant expression vec1or encoding both tbe antibody 
heavy chain and the antibody ligln chain is introduced into 
dhfr-Cl-10 cells by calcium phosphate-mediated transfection. 
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randomly mutated. preferably within the CDR3 region ofVH 
and/or VL. in a process amtluguus tu the in vivo somatic 
mutation process responsible for aJfmity mattinltion of ami
bodies during a natural immune response. This in vitro affin
ity maturation can be accomplished by amplifying VH and 
VL regions using PCR primers complimentary lo the VH 
CDR3 or VL CD!<3, respectively, which primers have been 
"spiked" with a random mixture of the four nucleotide bases 
at certain positions such that the resultant PCR products 

Within the recombinant expression vector, the antibody 
hc.avy mid light chain genes arc cach upcrntivcly liukt..-<l tu 
CMV euhancer/AdMLP promoter regulatory clements to 
drive high levels of transcript ion of the genes. The recombi
nant expression vector a lso carries a DHFR gene, which 
allows for selection of CHO cells that have been transfected 
wi.th the vector using methotrexate selection/amplification. 
The selected t ransformant host cells are culmre to allow for 
expression of the antibody heavy and light chains and intact 
iint ibody is recovered from the cullure medium. Standard 
mo lecular biology teclutiques are used to prepare the recom
binant expression vector. transfect the host cells, select !Or 
transfomJ<tnts. culture the host cells and recover the antibody 
from the culture medium. 

10 encode VH and VL segments into which random mutat ions 
have been introduced into the VH and/or VL CDR3 regions. 
These randomly mutated VJ-I and VL segments can be 
rescreened for binding to hTNFa. and sequeoces that exhibit 
high affinity and a low off rate for hTNFa bindi11g can be 

llI. Selection of Recombinant Human Antibodies .15 selected. 
Following screening and isolation of an m1ti-hTNFa. aoti

body or the invention from a recombinant immunoglobulin 
display library, nucleic acid encodiog the selected antibody 
can be recovered from the display package (e.g., from the 

Recombinant human antibodies of lhc invention in addi
tion to D2E7 or an antigen binding portion thercoJ; or D2E7-
related antibodies d isclosed herein can be isolated by screen
ing of a recombinant combinatorial antibody library, 
preferably a scFv phage display library. prepared using 
hUUlJan VL and VH cDNAs prepared from mRNA derived 
from human lymphocytes. Methodo logies for preparing and 
screening such libraries are known in the art. Jn addition to 
commercially available kits for generating phage display 
libraries (e.g., tbe Pha rmacia Recombinant Phage Antibody 
Sys1e111. catalog no. 27-9400-01; and t.!Je Stratagene Sur
fZAP"" phage display kit. catalog no. 240612). examples of 
methods and reagents pa nicularly amenable for use in gen
erating and screening a ntibody display libraries can be found 

20 phage genome) and subcloned into othe r expressio n vectors 
by standard recombinant DNA tcclmiques. If desired. the 
nucleic acid can be further manipulated to create other anti
body forms of the invention (e.g .. linked to nucleic acid 
e ncoding additional immunoglo bulin domains, such as addi-

25 1io11a l co.nstant regions). To express a recombinant human 
antibody isolated by screening of a combinatorial Ubrary. the 
DNA encoding the antibody is cloned into a recombinant 
expression vector and int roduced into a mammalian host 
cells. as described in further detail in Section 11 above. 

in. for example, Ladner et al. U.S. Pat. No. 5.223.409: Kaog J O IV. Pbannaceutical Compositions and Pham1aceutical 
Administration et al. PCT Publication No. WO 92/18619: Dower et al. PCT 

Publication No. WO 91 / 17271; Winter et a l. PCT Publicatio n 
No. WO 92/20791: Markland ct al. PCT Publication No. WO 
92/ 15679: Breitling cl al. Per Publ ication No. WO 
93/01288; McCafferty et al. PCT Publication No. WO J 5 

92/01047; Garrard et a l. PCT Publica1io11 No. WO 92/09690: 
Fucbs ct al. (1991) Bio/Technology 9:1370-1372: Hay ct al. 

TI1e ar1tibodies and antibody-portions of the invention can 
be incorporated into pharmaceutical compositions suitable 
for administration to a subject for the methods described 
herein, e.g .. biweekly. subcutaneous dosing. Typically, tbc 
phannaceutical composition comprises an antibody (or anti-
body portion) of the invention and/or methotrexatc and a 
phannaceutically acceptable carrier. As used herein, "phar
maceutically acceptable carrier" includes any and all sol
vents. dispersion media, coatings. a111ibactcrial and an1ifun
gal agents, isotonic and absorption delaying agents, and the 
like that arc pbysiolog,ically compatible and are suitable for 
administration to a subject for tht• methods described herein_ 
Examples of pharmaceut ically acceptable carriers include 

( 1992) /-111111 Anti bod liybridomas 3: 81-85; Huse et a l. ( 1989) 
Science 246:1275-1281: McCafferty et al.. Nature (1990) 
348:552-554; Griffiths c l a l. (1993) EMBO J 12:725-734: .. o 
Hawkins et al. (1992)J Mo/ Bio/ 226:889-896: C lackson et al. 
(1991) Na/I/re 352:624-628; Gram et a l. (1992) PNAS 
89:3576-3580; Garrard el al. ( 1991) Biolfechnology 9: 1373-
1377: Hoogenboorn e t al. (1991) Nuc Acid Res 19:4133-
4137: and Barbas et al. (J 991) PNAS 88:7978-7982. 45 one or more of water, saline, phosphate buffered sal ine. dex

trose. glycerol. ethanol and tl1c like, as well as combinatio11s 
thereof. In many cases, it wil I he prefemhle to include isotonic 
agems. for example. sugars, polyalcoho ls such as mannitol , 

Jn a preferred embodiment, to isolate lmman antibodies 
wi th high affinity and a low off rate constant for hTNFo.. a 
nrnrioe anti-hTNFa. antibody having high affinity and a low 
off rate constant for hT NFa. (e.g., MAK 195, the bybridoma sorbitol, or sodium chloride io the composition . Pbanuaceu

tically acceptable carriers may further comprise minor 
amounts of auxiliary substances such as wetting or emulsify-
ing agents, preserva tives or buffers. which enhance tbc shelf 
life o r effectiveness of the antibody or antibody portion. 

The compositions o f this inventioD may be in a variety of 
forms. TI1ese inc lude, for example, liquid, sem i-solid and 
solid dosage forms, such as liquid solutions (e.g .. injectable 
and infosible solutions), dispersions or suspensions, tablets, 
pills. powders. liposomes and suppositories. The preferred 
form depends on the intended mode of administration and 

for which has deposit number ECACC 87 050801) is first 50 
used to select human l1eavy and light chain_ sequences having 
similar binding activi·1y toward hTNFa., using tbc cpilopc 
impriming methods described in Hoogenboom et a l., PCT 
Publication No. W093/06213. The antibody libraries used in 
this method are preferably scFv libraries prepared and 55 
screened as described in McCafferty et al.. PCT Publicatio n 
No . WO 92/01047, McCafferty et al., Nature ( 1990) 348: 
552-554;and Griffiths ct al., (I 993)EMBOJ 12:725-734. The 
scfv antibody libraries preferably are screened using recom
binant btunan 1NFo. as tbe antigen. 

Once initial human VL and VI-I segments are selected. 
"mix and match" experiments, in which different pairs of1he 
ini tially selected VL and VH segments arc screened for 
hTNFa binding. arc perfonned to select preferred VL/VH 
pa ir combinations. Additionally. 10 fun her improve the afiln- 65 

i1y and/or lower the off rate constant for bTNFa. binding. the 
VL and VH segments of the preferred VUVFI pair(s) can be 

60 therapeutic application. Typical preferred compositions are in 
the form of injectable or infusible solutions, such as compo
sitions similar to those used for passive immunization of 
humans with other an Ii bodies. The preferred mode of admin-
istration is parenteral (e.g .. inuravenous. subcutaneous. intra
peritooeaJ, intramuscular). In a preferred embodimem. the 
antibody is administered by intravenous infusion or injection. 
ln another preferred embodiment. the antibody is adminis-

Appx252

Case: 17-2304      Document: 36     Page: 318     Filed: 12/13/2017



23

US 8,889,135 B2 
19 20 

tered by intramuscular injection. In a particularly preferred cytokines, soluble TN Fa receptor (see e.g., PCT Publication 
embu<limenl. the antibody is administered by subcut;meuus Nu. WO 94106476) an<lfur une ur mur" chemic<il <:igcats th;ll 
injection (e.g .. a biweekly. subcutaneous iujection). inhibit bTNFa produc1ionorac1ivi1y (such as cyclohexaney-

TI1erapcutic compositions typically must be sterile and lidene derivatives as described in PCT Publication No. WO 
stable under the condi1ions of manufacture and storage. The 93/ 19751 ) . Furthermore. one or more antibodies oft he inve11-
composit ion can be formulated as a solution, microemulsion. 1io11 may be used in combination with two or more of the 
dispersion, liposome, or o ther ordered structure suitable to foregoing therapeutic agents . Such combination therapies 
high drug concelllration. Sterile injectable solutions can be may advantageously utilize lower dosages of the adminis-
preparcd by incorporating the active compound (i.e .. anti- tered thecapeutic agents, thus avoiding possible toxicities or 
body o r antibody ponion) in the required amount in an appro- 10 complications associated with the various monotherapies. 
priate solvem with one or a combination of ingredients enu- The use of the antibodies, or antibody ponions, of the inven-
merated above. as required. followed by fil lered sterilization. lion in combination with otherlherapeuticagents is discussed 
Generally, dispersions are prepared by incorporating the further in subsection IV. 
acttive compound into a sterile vehicle that contains a basic Non-limiting examples of therapeutic agents for rhelUna-
dispcrsion medium and the required other ingredients from .15 toid arthritis with which an antibody. or alllibody ponion. of 
those enumerated above. ln thecaseofsteri le powders for the the invention can be combined include the following: noa-
preparation of sterile injectable solutions, the prckrred meth- steroidal anti-intlammatory drug(s) (NSAIDs): cytokinc sup-
ocls of preparation are vacuum drying and freeze-drying that pressive anti-inflammatory drug(s) (CSAJDs): CDP-571/ 
yields a powder of the active ingredient plus any additional BAY-10-3356 (hwuanized anti-TN Fa antibody; Celltech/ 
desired ingredient from a previously sterile-filtered solution 20 Bayer): cA2 (chimeric anti-TNFa antibody; Centocor): 75 
thereof. ll1c proper nuidity ofa solution can be maintained. kdTNFR-IgG (75 kD TNF receptor-IgG fusion protein; 
for example, by the use of a coating such as lecithin. by the lrununex; see e.g .. Arthritis & Rheumatism (1994) Vol. 37, 
mai11tenance of the required particle size in the case of dis- S295;J. lnvest. Med. (I 996) Vol. 44, 235A): 55 kdTNFR-lgG 
persion and by the use of surfactants. Prolonged absorption of (55 kD TNF receptor-lgG fusion prote in; HofTmann-
injectable compositions can be brought about by including in 25 LaRoche ); IDEC-CE9. lfSB 210396 (non-depleti ug prima-
the composition an agent that delays absorption. for example, tized anti-CD4 antibody: JDECfSmithKline: sec e.g .. Arrhri-
monostcaraic salts and gelatin. ris & Rlre11111atism (1995) Vol. 38. S185); DAD 486-IL-2 

ll1e antibodies and ant ibody-portions o f the present inven- and/or DAB 389-IL-2 (IL-2 fusion proteins; Seragen: see 
lion can be administered by a variety ofmetl1ods known in the e.g .. Artfrritis & Rheumatism (1993) Vol. 36, 1223); Anti-Tac 
am, a lthough fo r many therapeutic applicat ions, the preferred 30 (humanized anti -IL-2Ro.: Protein Design Labs/Roche); IL-4 
route/mode of adminis tration is subcutaneous injection. As (anti-inflammatory cytokine: DNAX/Schcring); IL-I 0 (SCH 
wi.11 be appreciated by the skilled anisan, the route and/or 52000: recombinant IL- 10. allli-inflammatory cy10kine: 
mode of administration will vary depending upon the desired DNAXISchering): IL-4: IL-10 and/or IL-4 agouists (e.g .. 
results. In certain embodiments. the active compound may be agonist antibodies): lL-I RA (IL- I receptor antagonist: Syn-
prcparcd with a carrier· that will protect the compound against 35 cigenf Amgcn): TNF-bp/s-TN FR (soluble TNF binding pro-
rapid release, such as a controlled release formulation. tein: see e.g .. Arthritis & Rhe11111atis111 (I 996) Vol. 39. No. 9 
including implants. transdermal patches. and microcncapsu- (supplement). S284; Amer: J. Physiol.-Heart and Circ11/a1ory 
lated delivery systems. Biodegradable. biocompatible poly- Physiology (1995) Vol. 268, pp. 37-42); R973401 (phos-
mers can be used, such as ethylene vinyl acetate, polyethylene phodiesterase Type JV inhibitor; see e .g., Arthritis & Rheu-
glycol (PEG), polyanhydrides. polyg lycolic acid. collagen. 40 111atis111 (1996) Vol. 39, No. 9 (supplement), S282): MK-966 
polyorlhoesters. and polylnctic acid. Many methods for the (COX-2 lnhibitor: see e .g .. Arthritis & Rheumatism (1996) 
preparation of such fonnulations are patented or generally Vol. 39. No.9 (supplemcm), S81): !Joprost (see e.g., Arthritis 
known lo those skilled in the art. See, e.g., Sustained and & Rheumatism ( 1996) Vol. 39, No. 9 (supplement). S82): 
Controlled Release Drug Delivery Systems, J. R. Robinson. methotrexate; thalidomide (see e.g., Arthritis & Rhe11111atis111 
ed .. Marcel Dekker, Inc .. New York. 1978. 4 5 (1996) Vol. 39. No. 9 (supplement). S282) and tbalidomide-

In certain embodiments. an antibody or antibody portion of related drngs (e.g., Celgen); leflunomide (anti-inflammatory 
the invention may he orally administered. for example, with and cyto kine inhibitor: see e.g .. Arthritis & Rheu111a1is111 
an inert diluent or an assimilable edible carrier. The com- (1996) Vol. 39, No. 9 (supplement), Sl3 1: Inflammation 
pow1d (and other ingrediems, if desired) may also be enclosed Research ( 1996) Vol. 45, pp. I 03-107); tranexamic acid (in-
in a hard or soft shell gelatin capsule, compressed into tablets, 50 hibitor of plasminogen activation: see e.g., Arthrith & Rhe11-
or incorporated directly into the subject's diet. Fororal thera- 111a1ism ( 1996) Vol. 39. No. 9 (supplement). S284); T-614 
pcutic administration. the compounds may be incorporated (cytokine inhibitor: see e.g .. Arthritis & Rhe11111atis111 (1996) 
wi.th excipients and used in the fon11 of ingestible tablets, Vol. 39, No. 9 (supplement), S282); prostaglandin El (see 
buccal tablets. troches. capsules. elixirs. suspeDsioDs. syrups. e .g .. Arthritis & Rheumatism (I 996) Vol. 39, No. 9 (supple-
wafers. and 1he like. To administer a compound of tbe inveu- 55 ment). S282): Tenidap (non-steroidal anti-inflammatory 
tion by other than parenteral administratioll. it may be neces- drug: see e.g .. A rthrilis & Rhe11111atis111 (J 996) Vol. 39, No. 9 
sary to coat the compound with, or co-administer the com- (supplement). S280); Naproxen (non-steroidal anti-inflam-
pound with. a material to prevent its inac1iv<11ion. matory drug; sec e .g .. Neuro Report (I 996) Vol. 7, pp. 1209-

Supplementary active compounds can also be incorporated 1213): Meloxicam (non-steroidal antiinflammatory drug); 
inuo the compositions. In certain embodiments. an antibody 60 Ibuprofen (non-steroidal anti-inflammatory drng): Piroxicam 
or antibody portion of the invention is coformulated with (non-steroidal anti-infla111111a1ory drug): Diclofenac (non-ste-
andfor coadministered with one o r more additiona l tl1erapeu- roida l anti-inflammatory drug.); lndomelhacin (non-steroidal 
tic: agents. For exan1plc. an anti-bTNFa antibody or antibody anti-infla.mmatory dmg): Sulfasalazine (sec e.g., Arthritis & 
portion of the invention may be co formulated and/or coad- Rheu111atis111 (1996) Vol. 39. No. 9 (supplement). S281 ): Aza-
ministered with me1l10trexate, 011e or more additiona l anti- 65 thioprine (see e .g., Arthritis & Rheumatism (1996) Vol. 39, 
bodies that bind other taigets (e.g .. antibodies that bind other No. 9 (supplement). S28 ! ); ICE inhibitor (inhibitor of the 
cytokines or tha t bind cell surface molecules), one or more enzyme interleukin-I~ converting enzyme): zap-70 and/or 
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!ck inhibitor (inhibitor of the tyrosine kinase zap-70 or !ck); 
VEGI' inhibitor <m<llor VEGF-R inhibitor (inhibilos of v~s
cuJar endothelial cell growth factor or vascular endothelial 
cell growth factor receptor: inhibi tors of angiogenesis); cor
ticosteroid anti-iullam.matory drugs (e.g .. 58203580); TNF
convertasc inhibitors: anti- IL! 2 antibodies: imerlcukin-1 1 
(see e.g .. Arthritis & Rheumatism (l 996) Vol. 39. No. 9 
(supplement), S296); interleukin-13 (see e.g., Arthrilis & 
Rheumatism ( 1996) Vol. 39. No. 9 (supplement). S308): inter
leukin-1 7 inhibitors (see e.g .. Arthritis & Rhe11111atis111 ( 1996) 
Vol. 39, No. 9 (supp lement), S I20): gold; penicillamine; 
cltloroquine; hydroxyc hloroquine; chlorambucil; cyclophos
phamide: cyclosporine: total lymphoid irradiation: anti-thy
mocyte globulin: anti-CD4 antibodies: CDS-toxins: oraJJy
administered peptides and collagen: lobellZllrit disodium: 
Cytokine Regulating Agents (CRAs) f-IP228 and f-IP466 
(Houghtcn Pharmaceuticals. Inc.): !CAM- I allliscnsc phos
phoroth.ioate o ligodeoxynucleotides OSIS 2302; lsis Phar
maceuticals, Inc.); soluble complement receptor I (!"PIO; T 
Cell Sciences. Inc.): prednisone: orgotein; glycosaminogly
can polysulphatc: minocycline; anti-IL2R a ntibodies; marine 
and botanical lipids (fish a nd plant seed fa.tty acids; see e.g., 
De Luca et al. ( J 995) Rheum. Dis. Clin. North Am. 21 :759-
777); auranofin; phenylbutazone; meclofenamic acid; llufe
namic acid; intravenous immune globulin; zileuton; myco
phenolic acid (RS-61443): tacrolimus (FK-506); sirolimus 
(rapamycin); amiprilosc (thcrafcctin): cladribinc (2-cWoro
deoxyadenosine); and azaribine. 

Non-limiting examples of therapeutic agents for intlam
ma tory bowel disease with which an anti body, or antibody 
portion, of the invention can be combined include the follow
ing: budenoside: epidermal growth factor: corticosteroids: 
cydosporin. sulfasalazinc: aminosalicylatcs: 6-mercaplopu
rfilc; azathioprine: mctron.idazolc; lipoxygenase inhibitors: 
mcsalaminc; o lsalazine; balsalazidc: ant ioxidan1s: throm
boxane inhibitors: l L-J receptor antagonists: anti-] L-l B 
monoclonal antibodies: anti-JL-6 monoclonal antibodies: 
growth factors; elastase inhibitors; pyridiny l-imidaz.ole com
poWlds; CDP-571/BAY-10-3356 Qrnmanizcd a111i-TNFa 
ant ibody: Celltcch/Baycr): cA2 (chimeric anti-TNFa anti
body: Centocor): 75 kdTNFR-lgG (75 kD TNF receptor-IgG 
fus ion protein; lmmunex; see e .g., Arthritis & Rheumatism 
( 1994) \lo!. 37, S295; J lnvesJ_ Med. (1996) Vol. 44, 235A): 
55 kdTNFR-JgG (55 kD TNF receptor-lgG fusion protein: 
Hoffinann-LaRoche): interleukin-I 0 (SCH 52000: Schering 
Plough); I L-4: IL-l 0 and/or TL-4-agouists (e.g .. agonist anti
hodies); interleukin-11; g lucuronide- or dex1 ran-co11jugated 
prodrugs of prednisolone, dexame1hasone or budeso11ide: 
!CAM-I antisense phosphorothioate oligodeoxynucleotides 
(ISIS 2302; Isis Pham1aceuticals. Inc.): soluble complement 
receptor I (TP I 0 : T Cell Sciences, Inc.); slowrclease mesala
zine: methotrexate; antagonists of P latelet Activating Factor 
(PAF); ciproftoxacin; and lignocaine. 

Nonlimiting examples of therapeutic agents for multiple 
sclerosis with which a n antibody. or antibody portion, of the 
invention can be combined inc lude the following: corticos
teroids: prednisolone; methylprednisolone: azathioprine; 
cydophosphamide; cyclosporine; mcthotrexate; 4-mninopy
ridine: tizanidine: interforon-p la (Avonex"1M; Biogen): inter
feron-Pl b (Betascro1i""' : Ch.iron/Berlex); Copolymer I (Cop
! ; CopaxoneTM; Teva Phamiaceu1ical Industries, Inc.); 
hyperbaric oxygen: iut ravenous immunoglobulin; clabribine; 
CDP-571/BAY-10-3356 (humanized anli -TNFa amibody: 
Celltech/Bayer): cA2 (chimeric anti-TNFa. antibody; Cento
cor); 75 kdTNFR-IgG (75 kD TNF receptor-JgG fusion pro
tein; lmmuncx: sec e.g .. Arthritis & Rhe11111atis111 ( 1994) Vol. 
37, S295;J lnves1. Med. (1996) Vol. 44. 23.5A); 55 kdTNFR-

22 
lgG (55 kD TNF receptor-lgG fusion protein; Hoffmann
LaRoche); IL- IO: IL-4: and IL-JO an<l/or IL-4 agonists (e.g .. 
agoais1 antibodies). 

Nonlimitingexamplcs of therapeutic agents for sepsis with 
wbicb an antibody, o r a!llibody portio n. oftbe invention can 
be combined include the following: bypertonic saline solu
tions: antibiotics: intravenous gantma globulin; continuous 
hemofiltration: carbapenems (e.g .. meropenem); antagonists 
ofcytokincs such as TNFa. [L-lp. IL-6 and/or lL-8: CDP-

10 571/BAY-10-3356 (humanized anti-TNFa antibody: 
Celltech!Bayer); cA2 (chimeric anti-TNFa antibody; Cento
cor): 75 kdTNFR-lgG (75 kD TNF receptor-lgG fusion pro
tein: lmmunex; see e.g .. Arthritis & Rheumatism ( 1994) Vol. 
37. S295;J. lnvest. Med. (1996) Vol. 44, 235A): 55 kdTNFR-

.t5 IgG (55 kD TNI' reccptor-IgG fusion protein: Hoffmann
LaRoche ): Cytokine Regulating Agents (CRAs) HP228 and 
IIP466 (I-lougl1ten Pham1aceuticals. Inc.); SK&F 107647 
(low molecular pept ide; Smi[!lKline Beecham); tetravalent 
guanylhydrazo ne CNI-1493 (Picower llls1i1111e); T issue Fac-

20 tor Pathway lnhibitor (TFPJ; Chiron): PHP (chemically 
modified hemoglobin; APEX Bioscience); iron chclators and 
chelates, including diethylene triamine pentaacetic acid-iron 
OH) complex (DTPA iron (lII): Molichem M <.-dicines); 
lisofylline (synthetic small molecule 111ethylx<1nthine; Cell 

25 Therapeutics. Inc.): PGG-Glucao (aqcuous soluble ~l ,3glu
can: Alpha-Beta Technology); apolipoprotcin A-I reconsti
tuted witb lipids: chiral hydroxamic acids (synthetic antibac
terials tbat inh ibit lipid A b iosynthesis); anti-endo1oxin 
antibodies: E553! (synthetic lipid A an1agouis1: Eisai 

30 America, Inc.); r8Pl2 1 (recombinant N-terminal fragment of 
human Bactericidal/Permeability-Increasing Pro1ein); and 
Synthetic Anti-Endotoxin Peptides (SAEP: BiosYnth 
Research. Laboratories): 

Nonlimiting examples of therapeutic agents for adult res-
35 piratory distress syndrome (A.RDS) with which an antibody, 

or antibody portion. of tbe invention can be combined include 
the following: anti-IL-8 antibodies: surfactant replacement 
therapy; CDP-571/BAY-l 0-3356 (humanized anti-TN Fa 
antibody; Celhech/Bayer): cA2 (chimeric anti-TNFa anti-

40 body: Centocor): 75 kdTNFR-lgG (75 kDTNF rcccptor-IgG 
fusion protein: Immunex: see e .g .. Arlhritis & Rheumatism 
(1994) Vol. 37, S295; J. Invest. Med. (1996) Vol. 44. 235A): 
and 55 kdTNFR-lgG (55 kD TNF rcccptor-lgG fusion pro
tein: Hoffmann-LaRoche). 

45 The pharmaceutical compositions of the invention may 
include a " therapeutically efft.-clive amount" or a "prophylac-
1ically effective amount" of an antibody or ant ihody portion 
of the invention. A " therapeutically effective amount" refers 
to an amount effective, at dosages and for periods of time 

so necessary, to achieve the desired therapeutic result. A thera
peutically effective amount of the antibody or antibody por
tion may vary according to factors such as the disease state, 
age. sex. and weight of the i1idividual, and the ability of the 
<lntibody or antibody portion to elicit a desired response in the 

55 individual. A therapeutically effective amount is also one in 
which any toxic or detrimental effects of the antibody or 
antibody portion are outweighed by the therapeutically ben
eficial effects. A "prophylactically effective amou1n" refers to 
an amount effective, at dosages and for periods of time nec-

60 cssary, to ach.ieve the desired prophylactic result. Typically. 
since a prophylactic dose is used in subjects prior 10 or at an 
earlier stage of disease, the pro phylac1ically etTectiveamoun1 
will be Jess than the thcrapcutically effective amount. 

Dosage regimens may be adjusted to provide the optimum 
65 desired response (e.g.. a therapeutic or prophylactic 

response). For example. a single bolus may be administered. 
several d:ividcd doses may be adm.iuistered over time or the 
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dose may be proportionally reduced or increased as indicated 
by tbe exjgeocies oftbe therapeutic situation. l t is especially 
advantageous to fonnulate parentera l compositio11s i.11 dosage 
miit form for ease ofadmiuistratioo and uniformity of dosage. 
Dosage unit fonn as used herein refers to physically discrete 
units suited as unitary dosages for the mammalian subjects to 
be treated: each uuit cootaiuing a predetcnnined quantity of 
acnive compound calculated to produce the desired therapeu-

24 
A D2E7 antibodyof1he invention can also be used to detecl 

TNFas from species other than humans. iu particular TNFas 
from prima1es (e.g., chimpanzee. baboon. marmoset. cyno
molgus and rhesus), pig aud mouse. since D2E7 can bind to 
each of these TNFas. 

tic etTect in association with the required phannaceutical 
carrier. Tbe specificat ion for the dosage urut forms of tbe 10 

invention are dictmed by and direct ly dependent on (a) the 
unique characte.ristics of the active compound and the par
ticular therapeutic or prophylactic elTcct to be achieved. and 

ll1e antibodies and antibody portions of the invention are 
capable of neutralizing hTNFa activity both in v itro and in 
vivo (see U.S. Pat. No. 6.090,J.82). Moreover. at leas1 some of 
the antibodies of the invention, such as D2E7. can neutralize 
bTNFaactivity from otherspccies.Accordiugly, the antibod
ies and antibody portions of the invention can be used to 
inhibil hTNFa activity, e .g .. in a cell culture containiug 
b.TNFa. ju human subjects or in other mammalian subjects 
having TNFas with which an antibody oflhe invention cross
reacts (e.g. chimpanzee. baboon, mam1oset, cynomolgus and 

(b) the limitations inherent in the art of compounding such an 15 
aclive compound for th e treatment of sensitivity in individu
als. rhesus, pig ur muusc). Ju u11c c111budi111t:ml. t11c i11vcutiuu 

provides a method for inhibit ing TNFa activity comprising 
contactin.g TNFa with an antibody or antibody por tion of the 
invention such that TNFaactivity is inhibited. Preferably. the 
TNFa is human TNFa. For example, in a cell c ultu re con-

An exemplary, non-limitiog range for a therapeutically or 
prophylactically effective amount of an antibody or antibody 
portion oft he invention is 10-100 mg, more preferably 20-80 20 

mg and most preferably about 40 mg. It is to be noted that 
dosage values may vary with the type and severity of the 
conditiou to be allevia1ed. It is to be further understood 1b.at 

taining, o r suspected of containing TNFa. an antibody or 
antibody portion of the inven1ion can be added to the culture 
medium 10 inhibit hTNFa activity in the cullwe. for any particular subject, specific dosage regimens should be 

adj usted over lime according 10 1he individual need and 1be 25 

profossional judgment of the person administering or super
vising the administration of the compositions, and that dosage 
ranges set forth herein are exel1lplary only and a re not 
intended lo limjt the scope or practice oflhc claimed compo-

Jn a preferred embodiment. 1be invention provides methods 
of treati11g disorders in which the admjnistration of au anti
TNFo. autibody is beneficial, comprising subcutaneously 
administeri.ng to the subject biweekly an antibody o r antibody 
portion of the invention such that the disorder is trealed. In a 

sit ion. 
V. Uses of the Antibodies of the lnveotion 

Given their ability to bind to hTNFa. the anti-hTNFa 
an.tiborues, or portions 1hercof. of the invention can be used to 
detect hTNFa (e.g., in. a biological sample, such as serum or 
plasma). using a con ventional iJllJllunoassay. such as an 
enzyme linked i11unut10sorbent assays (ELISA), an radioim
mumoassay (RIA) or 1issue immunohis1ochemistry. The 
invention provides a method for detecting hTNFa in a bio
logical sample comprising contacti ng a biological sample 
wi th an antibody, or ai11ibody portion. of the invention and 
detecting either the antibody (or antibody porlion) bound to 
hTNFaor unbound antibody (or antibody portion), 10 thereby 
detect hTNFa in the biological sample. 111c antibody is 
directly or indirectly labeled with a detectable substance to 
facilitate de1ectiou of the bound or unbound antibody. Suit
able detectable substances include various enzymes, pros
thetic groups, fluorescent materials. luminescent materials 
and radioactive materials. Examples of suitable enzymes 
include horseradish perox idase, alkaline phosphatase, ~-ga
lactosidase, or acetylcholinesternse: examples of suitable 
prosthetic group complexes include strcptavidin/biotin and 
avidin/biotin; examples of suitable fluorescenl malcrials 
include umbelliferone, fluorescein, fluorescein isothiocyan
ate. rhodal1line. dichlorotriazinylamiue fl.uorescein. dansyl 
chlorideorphycoerythrin: an exampleofa luminesce111 mate
rial includes luminol: and examples of suitable radioactive 
material include 1251, 1311. 35S or 3 H. 

Alternative 10 labeling the autibody, hTNFa can be 
assayed in biological .fluids by a competition immunoassay 
utilizing rbTNFa slandards labeled with a detectable sub
stance and an unlabeled anti-hTNFa an1ibody. In lhis assay, 
1he biological sample, the labeled rhTNFa. standards and 1he 
anti-hTNFa anlibody arc combined and lhe amount of 
labeled rb.TNFa standard bound lo the unlabeled antibody is 
determined. The amount ofbTNFa in the biological sample is 
inversely proportional to the amount of labeled bTNFa stan
dard bound to the anti-hTNFa antibody. 

30 particular ly preferred embodiment, the anlibody is adminis
tered subcu1aneously on a biweekly schedule. Jn ano1her par
ticularly preferred embodiment, 1he antibody is administered 
subcu1aneously before, during or after administration of 
metho1rexate. Preferably. lhc subject is a human subjecl. 

35 A11cruat ivcly. the subject can be a mammal expressing a 
TNFa wilh which au antibody of the i11ve11t io11 crossreacts. 
Still further 1b.e subjec1 can be a mammal inio which has been 
introduced hTNFa (e.g., by adminis1ra1ion ofhTNFa or by 
expression of an hTNFa transgene). An a.lltibody of the 

.. o invention can be admi11is1ercd 10 a human subject for thera
peutic purposes (discussed further below). Moreover, an anti
body of the invention can be admirustered to a nou-human 
mammal expressing a TNFa w ith which the antibody cross
reacts (e.g .. a pr imate. pig or mouse) for veterinary purposes 

45 or as an animal model of human disease. Regarding the latter, 
such animal models may be useful for evaluating 1hc thera
peutic efficacy nf antihodies of the invention (e.g._ lesting of 
dosages and t ime courses of administration). 

As used herein, the term .. a disorder in wl1ich the admin-
50 istrat ion of an anti-TNFa a ntiibody is beneficial" is intended 

to include diseases and other disorders in which the presence 
of TNFa. in a subjecl suffering from the disorder has been 
shown to be or is suspected of being e ither responsible for the 
pa1bophysiology of1he disorder or a fac1or that contributes to 

55 a worsening of the disorder, or where it has been s hown that 
another anti-TNFa antibody or a biologically act ive portion 
thereof bas been successfully used to treat the rusease. 
Accordingly, a disorder in which a acliviry is detrimeutal is a 
disorder in which inhibition ofTNFa activity is expected to 

60 alleviate 1he symptoms and/or progression of the disorder. 
Such d isorders may be evidenced, for example. by a n increase 
in the co11centra1ion ofTNFa in a biological fluid of a subj eel 
suffering from the disorder (e.g., an increase in lhc concen
tration ofTNFa in senun, plasma, synovial fluid, etc. of the 

65 subject), which ca11 be detected, forexample, using an anti
TNFa antibody as described above. 'llicre arc numerous 
examples of rusorders in wb.iclh TNFa activi1y is detrimental. 
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11ne use of t11e antibodies and antibody portions of the inven
tion in the tre<1tmenl of specific disorders is discussed further 
below: 

A. Sepsis 
Tumor necrosis factor has an established role in the patho

physiology of sepsis, with biological cJTects that include 
hypotensiou. myocardial suppression. vascular leakage syn
drome. organ necrosis, stimulation of t11e release of toxic 
secondary mediators and activation of the cloning cascade 
(see e.g .. Tracey, K. J. and Cerami.A. ( l 994)Annu. Rev. Med. 
45:491-503; Russell, D and 1110111pso11, R. C. ( 1993) Curr. 
Opin. Biolech. 4:714-72.I ). Accordingly. U1e human antibod
ies. and antibody portions, of the invention can be used to treat 
sepsis in any of its clinical settings. including septic shock. 
endotoxic shock, gram negative sepsis and toxic shock syn
drome. 

Furthermore. to treat sepsis, an anti-hTNFa antibody, or 
antibody portion, of the invention can be coadm inistered with 
one or more additional therapeutic agents that may further 
alleviate sepsis. such as an interleukin-I inhibitor (such as 
those described in PCT Publication Nos. WO 92116221 and 
WO 92/J 7583), the cytokine interleukin-6 (see e.g., PCT 
Publ ication No. WO 93/11793) or an antagonist of platelet 
ac~ivating factor (see e.g .. European Patent Application Pub
lication No. EP 374 510). 

Additionally, in a preferred embodiment. an anti-TNFa 
ant ibody or antibody portion of the invention is administered 
to a human subject '~ithin a subgroup of sepsis patients hav
ing a scrum or plasma concentration oflL-6 above 500 pg/ml. 
and more preferably 1000 pg/ml, at the time oftreaunent (see 
PCT Publication No. WO 95/20978 by Damn, L.. et al.). 

B. Autoinumme Diseases 
TU111or necrosis factor has been inlplicatcd in playing a role 

in the pathophysiology of a \"<lriety of autoin=une diseases. 
For example. TN Fa has been implicated in activating tissue 
inflammation and causing joint destntction in rheumatoid 
anhritis (sec e.g., Tracey and Cerami, supra: Arend. W. P. and 
Dayer, J-M. ( 1995) Arlh. Rheum. 38: 151-160; Fava, R. A .. et 

26 
inflammation and capillary U1rombosis and infarction in 
malaria (see e .g ., Tracey and Cerami. supra). TNFa a lso has 
been implicated in mediating brain inllanunation, inducing 
breakdown of the blood-brain barrier, triggering septic shock 
syndrome and activating venous infarction in meni11gitis (see 
e.g., Tracey and Cerami, supra). TNFa also has been impli
cated in inducingcachexia. stimulating viral proliferation and 
mediating central nervous syslem injury in acquired immune 
deficiency syndrome (AIDS) (see e.g. , Tracey an.d Cerami. 

10 supra). Accordingly, the an tibodies. and antibody portions. of 
!he invention, can be used in the treatment of infectious dis
eases. in.eluding bacterial meningitis (see e.g .. European 
Patent Application Publication No. EP 585 705). cerebral 

15 malaria, AIDS and AIDS-rela ted complex (ARC) (see e.g., 
European Patent Application Publication No. EP 230 574), as 
well as <:ytumegaluvirus infe<:tiu11 s..::u11dary tu tr.mspla11ta
tion (see e.g., Fietze, E .. el' al. (1994) Transplanlalion 58:675-
680). ·111e antibodies. and antibody portions, of the invention, 

20 also can be used to alleviate symptoms associated with infec
tious diseases. including fever and myalgias due to infection 
(such as influenza) and cachexia secondary to infection (e.g., 
secondary to AIDS or ARC). 

D. Transplantation 
25 Twnor necrosis factor has been implicated as a key media

tor of a'llograft rejection a111d graft versus host disease 
(GVHD) and in mediating an adverse re-<1ction that has been 
observed when the rat antibody OKT3. directed against the T 
cell receptor CD3 complex, is used to inhibit rejection of 

30 renal transplants (see e.g., Tracey and Cerami. supra: Eason, 
J. D .. cl al. (1995) Transp/a111a1io1159:300-305: Sutbanthiran. 
M. and Strom. T. B. (1994) New Engl. J. Med. 331 :365-375). 
Accordingly, the antibodies, and antibody portions. of the 

35 invention. can be used to inhibit transplant' rejection. includ
ing rejections of allografts and xenografts and to inhibit 
GVHD .. .t\Jthough the antibody or antibody portion may be 
used alone. more preferably it is used in combination with one 
or more other agents that inhibit !'he immune response against al. (1993) Clin. Exp. T11111111nol. 94:261-266). TNFa also has 

been inlplicatcd in promoting ilie death of islet' cells and in 
mediating insulin resistance in diabetes (see e.g .. Tracey and 
Cerami, supra: PCT Publication No. WO 94/08609). TNFa 
also has been implicated in mediating cytotoxicity to oligo
dendrocytes and induction or inflammatory plaques in nrnl 
tiple sclerosis (see e.g .. Tracey and Cerami. supra). Chimeric 45 
and humanized murine anti-hTNFa antibodies have under-

.io t11e a llograf\ or inhibit GVIID. For example, in on.e embodi
ment, an antibody or antibody portion oft he invention is used 
in combination with OKT3 to inhibit OKT3-induced reac
tions. In .another cmbodimem, an antibody or antibody por-
tion of the invention is used i11 combinatiou with one or more 
antibodie~ directed a t other targets involved in regulating 
inlll1une responses, such as tl1c cell surface molecules CD25 

gone clinical testing tor treatment of rheumatoid arthritis (see 
e.g., Ellioll , M. J.. et al. (J 994) lance/ 344: 1125-1127: Elliot. 

(interleukin-2 receptor-a.). CD I la (LFA-1 ). ("1)54 (IC AM
I). CD4. CD45, CD28/CTLA4. CD80 (B7-t) and/or CD86 
(87-2). In yet another embodiment. an antibody or antibody M. J., et al. ( 1994) lance/ 344: 11 05-111 O; Rankin, E. C., et 

al. (1995) Br. J. Rheumatol. 34:334-342). 50 portion of the invention is used in combination with one or 
more gen.era! immunosuppressive agents. such as cyclosporin 
A or FK506. 

111e human antibodies. and antibody portions of the inven
tion can be used to treat autoinlmune diseases. in particular 
those associated wiU1 inflanunation, including rheumatoid 
anhritis. rheumatoid spondylitis, osteoarthritis and gouty 
arthritis. allergy, mulliple sclerosis. auto.immune diabeies. 55 
mrtoi1mnune uveitis and nephrotic syndrome. Typically. the 
antibody, or antibody portion, is administered systemically, 
although for certain disorders, local administration of the 
antibody or antibody portion at a site o f inflammation may be 
beneficial (e.g .. local administration in ilie joints in rhewna- 60 

to id arthritis or topical application to diabetic ulcers, alone or 
in combination with a cyclohexane-ylidene derivative as 
described in PCT Publication No. WO 93/ 19751). 

C. Infectious Diseases 
Tumor necrosis fac1or has been inlplicated in mediating 65 

biological effects observed in a variety of infectious diseases. 
For example, TNFa has been implicated in mediating brain 

E. Malignancy 
Tumor necrosis factor has been implicated in inducing 

cachexia. stimulaiing twnor growth. enhancing metastatic 
potential and mediating cytotoxicity in malignancies (see 
e.g .. Tracey and Cerami, supra). Accordingly, the antibodies, 
and antibody portions. of thc itwention, can be used in the 
treatment of uial ignancies, to inhibit tumor growth or 
metastasis and/or to alleviate cachexia secondary to malig
nancy. TI1e antibody, or antibody portion, may be adminis-
tered sysremically or locally to the n1mor site. 

F. Pulmonary Disorders 
Ttunor necrosis factor has been implicated in the pailio

physiology of adu lt respiratory distress syndrome, including 
stimulating leukocyte-endot11clial activation. directing cyto
toxicity to pnetunocytes and inducing vascular leakage syn-
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dromc (sec e.g .. Tracey and Cerami. supra). Accordingly. llte 
an tibodies. and antibody portions. of the invention. can be 
uS<.-d to treat various pulmonary disorders. including adult 
respiratory distress syndrome (sec e.g .. PCT Publication No. 
WO 91/04054 ). shock lung. chronic pulmonary inflanunatory 
disease. pulmonary sarcoidosis. pulmonary fibrosis and s ili
cosis. The antibody. or antibody portion. may be administered 
systemically o r locally to the lung surface. for example as an 
aerosol. 

Ci. Intestinal Disorders 

Tumor necrosis factor has been implicated in the patho
phys iology of inlfammatory bowel disorders (see e.g., Tracy. 
K . .I .. ct al. (l 986) Science 234:470-474: Sun. X-M .. et al. 
( 1988) ./. Clin. Invest. 8 1: 1328- 1331: MacDonald, T. T., et al. 
( 1990) C/in. K\11. /11111111110/. 81:301 -305). Chimeric murine 
anti-hTNFa antibodies have ULtdcrgonc clinical testing for 
trc:itment o f Crolm's disease (van Dullemen, H. M .. ct al. 
( 1995) Gastrormterology 109: 129-135). The human antibod
ies. and antibody portions. of the invention, also can be used 
to treat intc.'Stiual disorders. such as idiopathic iullanUJ1atory 
bowel disease. which includes two syndromes. Crohn's dis
ease and ulcerative colitis. 

11. Cardiac Disorders 

The antibodies. and antibody portions. o f lhe invemion, 
a lso can be used to treat various cardiac disorders. including 
ischemia of the bean (sec e.g .. European Patent Application 
Publication No. FP 453 898) and hean insufficiency (weak
ness of the hcan muscle) (sec e.g .. PCT Publication No. WO 
94120139). 

I. Others 

111c antibodies. and antibody portions. o f the invention. 
also can be used to treat various olhcr d isordcrs in which 
TN Fa octivity is detrimental. Examples o f other diseases and 
disorders in which T~ffa activity has been implicated in tbe 
pathophysiology. and thus which can be treated using an 
antibody, or antibody portion. o f the invention. include 
innammato ry bone disorders and bone resorption disease (sec 
e.g., Bertolini, D. R .. el al. (1986) Nat11re 3 19:516-5 18: 
Ko nig. A .. cl al. (1988) ./. Bone Miner. Res. 3:62 1-627: 
Lerner, U.1 1. and Ohlin. A. ( 1993)J. Bone Miner. Res. 8: 147-
155: and Shankar. G. and Stem, P. H. (1993) Bone 14:871-
876). hepatit is. including alcoholic hepatitis (sec e.g .. 
McClain. C. J. and Cohen. D. A. (1989) H epatology 9:349-
35 1: Felver. M. E., et al. (1990) Alcohol. C/in. E:i.p. Res. 

28 
EX.AMPLE I 

Treatment with an Anti-TNFa Antibody 

5 D2E7 Efficacy Following Subcutaneous Administration 
In this study. l\\enty-four patients with active RA were 

treated with weekly doses of 0.5 mg/kg D2E7 (n=18) or 
placebo (n 6) by s.c. injection for three months. Patients 
participating in this study had a mean duration of disease of 

10 I 0.1 years with o disc.1se activity score (DAS) score of 4.87 
and a mcnn of 3.4 DMARDs (disease modifying anti-rheu
matic dn1gs) prior 10 study entry: again reflecting consider
able disease activity. Respondlers continued open-label treat
ment with D2E7, while patien ts who failed to respond to the 

15 0.5 mg/kg dose or who losl a DAS response on the 0.5 mg/kg 
dose were escalated to receive I mg/kg by s.c. i1tjcction aner 
week twelve o f the study. 

111c first pat ients enrolled received up to sixty injections 
and were, therefore. sixty weeks on the study drug. The effi-

20 cacy with s.c. dosing was simi tar to i.v. injections. Up to 78% 
of patients reached a DAS amd ACR20response during the 
first weeks oftreaunent. Subcutaneous D2E7 at a dose o f0.5 
mg/kg/week reduced the swollen joint (SW J) count by 54%. 
tender joint count (TJC) by 6 1 %a.ndCRP by39%overtwel\·e 

25 \\eeks compared to baseline. whereas all parameters 
increased in the placebo group. After completion of the pla
ccbo-..:u111rvll.,-J pcriuJ uf tl1i:. >tUU). th.: palicul• coutiuut."d 
treatmcnl for up to founecn months '' ith sustained efficacy. 
I hcse results 111d1catc that subcutaneous IJ2E7 at a doseof0.5 

JO mg/kg/week can. therefore. be safely self-adminis tered with 
good local tolerability. 
Admimstration of D2E7 and Mctl10trcxatc 

In this study. patients l\."'Ceivcd s.c. o r i.v. placebo or D2F7 
at a dose of I mg/kg in add it ion to their ongoing treatment 

JS with (ntcthotrcxatc) MTX. Fitly-four patients were enrolled 
in the study and eighteen patients received i.v. D2E7 and s.c. 
placebo, eighteen patients received i.v. placebo and s.c . 
D2E7. andeigh1ccn pnticnts received placebo i.v. and s .c. The 
patients rcceiv<.'(( their scconcl dose only after ll1cy lost !.heir 

40 blindc.'(( response sta tus, no t earlier than four weeks after the 
first dose. Thereafter. a ll p:itients received open-label 
biweekly s.c. injections of D2E7. 

Demographic characteristics oft he study popul::iaion of this 
s111dy included a mean duration of RA of 11.l years. prior 

45 exposure to a mean of 3.6 DMARDs (other than MTX). and 
a mean DAS at study entry o f4.8 I. By Day twenty-nine, 72% 
of the i.v. D2E7 treated patients and 44% of the s.c. D2E7 
treated patients had achieved a response by DAS criteria. 
comparc.'Cl to only 28% of placebo-treated patients (set forth in I 4 :255-259: and I lanscn. J.. et al. ( I 99~)Heparology20:461-

474) and viral hepatitis (Sheron. N .. ct al. (1991) J Hepatol. 
12:241 -245: and I lussain. M. Let al. (1994) J Clin. Pathol. 
47:1112-1115). coagulation disturbances (see e.g .. van der 
Poll. T..et a l. ( 1990)N. Engl.J. Med. 322: 1622- 1627:and van 
der l'o ll. T .. ct al. (1991)/'rog. Clin. Biol. Res. 367:55-60), 
bums (sec e.g .. Giroir. 13. P.. ct al. ( 1994) Am. J Physiol. 55 
267:11118-124: and Liu. X. S .. et al. ( 1994) Bums 20:40-44). 
rcpcrfusion injury (sec e.g .. Scales. W. E .. et al. (1994)Am.J. 
Ph_1siol. 267:GI 122-11 27: Scrrick. C.. eta!. (1994 ) Trans
pla11101io1158: II 58- 11 62:andYao. Y. M .. et al. {1995) Res11s
cira1io11 29:157-168). kcloid fonm•lion (see e.g .. McC<tulcy. 60 
R. L.. ct al. ( I 992)J. Clin. /11111111110/. 12:300-308). scar tissue 
format io n and pyrex ia. 

so FIG. S). Of the responders in this s tudy. 28% of placebo 
treated patients maintained an /\CR20 response up to day 29. 
compared to 72°1c. of i.v.-treated D2E7 patients and 67% of 
s.c.-treated D2E7 patients. who maintained their responses 
for between one and three months. 

LXAMPLE2 

Total 13ody Dose o f a Subcutoncously Ad.ministered 
Anti-TN Fa Antibody 

Weekly. Subcutaneous Administration of D2E7 
This study cnrolk'(( two bundred eighty-four patients with 

RJ\ and was designc.-d to dctcnnine the optimal total body 
dose of subcutaneously adm.inisten.'(( D2E7. Patients were 

65 randomi?;:d 10 receive either 20, 40, or 80 mg D2E7 or pla
cebo weekly for twelve weeks. al1cr which time placcbo
trcatcd patients were switched blindly to 40 mg D2E7/weck. 

"ll1is invention is furlher illustrated by the following 
examples which should not be construed as limiting. The 
contents o f all references. patents and published patent app li
cinions ci ted througboul lh.is ;ipplication arc hereby incorpo
raned by rcforcncc. 
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29 30 

Approxima tely 49% of patients reached. ACR20 at 20 mg, 
55% uf paticnls rc.icll<XIACR20 <1140 mg. am.154% ufp<ilicnls 
reached ACR20 at 80 rng, while only I 00/o of patients receiv
ing placebo reached ACR20 (set forth in FIG. JA). Approxi
ma te ly 23% of patients reached ACR50 a t 20 mg, 27% of 
patients reached ACR50 at 40 mg, and 20"/c> of patients 
reached ACRSO at 80 mg, and only 2% of patients receiving 
placebo reached ACR50. These data illustrate tliat subcuta
neous D2E7, particularly at a dose of 40 mg/week. generates 
a good response. 

EXAMPLE3 

Biweekly, Subcutaneous Administration of an 
Anti -TNFa Antibody 

as two s.c. injections of 1.6 mL each. The patient's first dose 
was administered by medical pcrsoonel as part of the patient's 
training. Subsequent doses were self-administered by the 
patieui at the study under the direct observation of trained 
personnel for the first four weeks. ·n 1ereafter. doses were 
administered outside the stl tdy site by the patient, a trained 
individual designated by the patient. or by medical persollJlcl. 
Medication for four or five weeks was dispensed after each 
clinical assessment. Pa1ie111s were serially examined in weeks 

10 one. two. three. four. six. eight. twelve. sixteen. twenty. and 
twenty-four of the study with the joint examinations being 
perfonned by a blinded assessor. independent of the treating 
physician. 

.15 

Biweekly. Subcutaneous Administration of D2E7 
The clinical effects, safety, immw10genicity. and tolerance 

This s111dy enrolled two hundred seventy-one pat ients with 
RA. TI1e study population was representative of the moderate 
ru st:vt:re RA pupulatiun in Nurlh Amt:ri<:a: appru><imat..,ly 
70"/o female, and predomina1ltly over the age of forty. The 
population was selected using predetermined inclusion and of RA patients with partial responses to MTX following every 

other week subcutaneous (s.c.) injections of placebo or D2E7 
at :several dose levels for up to twenty-four weeks in co1~unc
tion with continued MTX treatment was investigated. 
Study Design 

20 exclusion criteria, known to those of skill in the art e .g., a 
patient 111.ust have received a diagnosis of RA as defined by the 
1987-revised American College of Rheumatology (ACR) cri
teria (sci forth in Appendix A) 

A placebo-controlled. double-blind. randomized. multi
cemer study in patients with RA, who had insufficient effi- 25 

cacy or tolerability to MTX was performed. During the 
course of the trial. patients were continued o n a stable dose of 
MTX with dose n1nges specified in the inclusion criteria 
<ll>s-=ribc<l bduw. 

This study consisted of two portions: 1) a "wash-out 30 

period" of fbur weeks prior to the adminis tration o r the first 
dose medication. during which time DMARDs (except for 
MTX) were withdrawn; and 2) a "placebo controlled period" 
dulling which time patients were randomized 10 one of four 
cohorts o f s ixty-seven patients to receive p lacebo. 20. 40, or 35 

80 mg D2E7 (as a total body dose) given every other week s.c. 
for up to 24 weeks. Eacb dose of sn1dy drng was administered 

<160> NUMBER OF SEQ ID Nos , 37 

<21 0> SEQ ID NO L 
<211> LENGTH, 107 
<212> TYPE , PRT 

SEQUENCE LISTING 

<213> ORGANISM, Artificial Sequence 
<220> FEATURE , 
<223 > OTHER INFORMATION: 111u tllled human a rit lbody 
<220> FEATURE, 
<223> OTHER INFORMATION , mutated human antibody 

<400> SEQUENCE' 1 

Results 
Fl GS. I B and 2-4 indicate that subcutaneous. biweekly 

D2E7 treatment combined with methotrexate was signifi
cantly better than placebo in reducing the sisns and symp
toms of RA at twenty-four weeks. A ll three doses of D2E7 
w.:re sl<itisti<:a lly sig,uili<:<tntly mure .:O't:!.;tivc than pla-=t:bu 
given weekly. Furthermore. 02E7 at 40 mg and 80 mg had 
belier efficacy than the 20 mg dose. 
Equivalents 

Those skilled in the art will. recognize, or be able to ascer
tain using no more than routine experimentation, many 
equivalents to Lbe specific embodiments or the uwention 
described herein. Such equivalents arc intended to be encont
passed by the following clailJls. 

ADp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
l s 10 lS 

Asp Arg val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Arg Asn Tyr 
20 25 30 

Leu Ala Trp Tyr Gln Gln Lye Pro Gly Lya Ala Pro Lyp heu Leu Ile 
3S 40 45 

Tyr Ala Ala Ser Thr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly 
SO SS 60 

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr I l e Ser Ser Leu Gln Pro 
65 70 75 80 

Glu Acp Val Ala Thr Tyr Tyr Cyo Gln Arg Tyr Ann Arg Ala Pro Tyr 
SS 90 9S 
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Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys 
100 105 

<2 10> SEQ I D NO 2 
<211> LENGTH, 121 
<212> TYPE, PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

-continued 

<223"> OTHER tNFORMATlON ! mutated h\lmr1n .:1nti body 

<-4 00> SEQUE:NCE : 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly l\rg 
l s 10 15 

Ser Leu llrg Leu Ser Cys Ala Ala Ser Cly Phe Thr Phe A.ep Asp Tyr 
20 25 30 

Ala Met His Trp Val Arg Gln Ala Pro Cly Lys Gly Leu Glu Trp Val 
35 40 45 

Ser Ala Ile Thr Trp Asn Ser Gly His Ile Asp Tyr Ala A.ep Ser Val 
50 55 60 

Gl u Gly Arg Phe Thr Ile Ser Arg l\op Asn Ala Lys Asn Ser Leu Tyr 
65 "10 ;5 80 

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
BS 90 95 

Ala Lys Val Ser Tyr Leu Ser Thr Ala Ser Ser Leu Asp Tyr Trp Gly 
100 105 110 

Gl ·n Gl y Thr Leu Val Thr Val Ser Ser 
115 120 

<210> SEQ ID NO 
<211> LENGTH' 9 
<212> TYPE , PRT 
<213> ORGANISM , Art ificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMA.TION, mutated human antibody 
<220> FEATURE: 
<221> NAME/KEY ' VJ\RIANT 
<222> LOCATION' (9) 
<223> OTHER INFORMA.TI ON: Xaa - Thr or Ala 

Gln Arg Tyr Asn Arg Ala Pro Tyr Xaa 
l 5 

<210> SEQ I D NO 4 
<211> LENGTH, 12 
<212> TYPE ' PRT 
<213> ORGANISM , Artificial sequence 
<220> FEATURE: 
<223> OTHER INFOR.MA.TION ' mutated human antibody 
<220> FEATURE: 
<221> NAME/ KEY, V~.RIANT 
<222> LOCATION, (12) 
<223> OTHER INFORMATION, Xaa • Tyr or Asn 

Val Ser Tyr Leu Ser Thr Ala Ser Ser Leu Asp Xaa 
l 5 10 

<210> SEQ I D NO 5 
<211> LENGTH, "1 

<2 12> TYPE, PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMA.TION: mutated human antibody 

32 
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<400> SEQUENCE : 5 

Ala Ala Ser Thr Leu Gln Ser 
5 

<210> SEQ ID NO 6 
<211> LENGTH: 17 
<212> TYPE: PRT 
<213"> ORGANISM: Artificjal Sequence 
<220> FEATURE: 

US 8,889,135 B2 

-continued 

,223, OTHER INFORMA..TION : mutated hum~n antibody 

<400> SEQUENCE: 

Ala Ile Thr Trp Asn Ser Gly His Ile Asp Tyr Ala Asp Ser Val Glu 

Gly 

<210> SEQ ID NO 7 
<211> LENGTH: 11 
<212> TYPE: PRT 

5 10 15 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION : mutated human antibody 

<400> SEQUENCE: 

hr-g hla Ser Cln Cly llc hrg hon Tyr ~cu hla 
1 5 10 

<210> SEQ ID NO 8 
<211> LENGTH: 5 
<212> TYPE: PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMA.TION: mutated human ant.i body 

<400> SEQUENCE : B 

Asp Tyr Ala Met His 
1 5 

<210> SEQ I D NO 9 
<211> LENGTH: 107 
<212> TYPE: PRT 
<213> ORGAMISM : Areificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: mueaeed human antibody 

<400> SEQUENCE: 9 

Agp I l e Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser I le Gly 
1 5 10 15 

Asp Arg Val Tiu Ile Thr Cya Arg Ala Ser Gln Gly Ile Arg Aan Tyr 
20 25 30 

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lye Ala Pro Lye Leu Leu I le 
35 40 45 

Tyr Al a Ala Ser Thr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro 
65 70 75 80 

Gl u Asp Val Ala Thr Tyr Tyr c.ys Gln Lya Tyr Aon Ser Ala Pro Tyr 
85 90 95 

Al a Phe Gl y Gln Gly Thr Lye Val Glu Ile Lys 
100 105 

<210> SEQ ID NO 10 

34 
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<211> LENGTH : 121 
<212> TYPE : PRT 

35 

<213> ORGANlSt•L Artificial Sequence 
<220> FEATURE: 

-continued 

<223> OTHER INFORMATION: mutated human antibody 

<400> SEQUENCE: 10 

Gln Val Gln Leu Val Gl u Ser Gl y Gly Gly Leu Val Gln Pro Gly Arg 
S 10 lS 

Se l:" Leu Arg r...eu Ser Cys Ala Ala Se;i; Oly Phe Th;i; Phe Asp Asp Tyr 
20 25 30 

Ala Met His Trp Val Arg Gln Al a Pro Gly Lys Gl y Leu Asp Trp Val 
35 40 45 

swr Alj!, Ile Thr Trp Aun S11111r Gly Hilil Ile A:.;p Tyr Ala. A.£1p swr V•l 
50 55 60 

Glu Gly Arg Phe Ala Val Ser Arg Asp Asn Ala Lye Asn Ala Leu Tyr 
65 70 75 80 

Leu Gln Met Aen Ser Leu Arg Pro Glu Asp Thr Ala Val Tyr 
SS 

Thr Lye Ala Ser Tyr Leu Ser Thr 
100 

Gln Gl y Thr Leu Val Thr Val Ser 
llS 

<210> SEQ I D NO 11 
<211> LENGTH : 9 
<2 12> TYPE: PRT 

1.20 

Ser 
105 

Ser 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

90 

Ser Ser Leu Asp 

<223::. OTHER INFORMA.TION : muta ted human ant ibody 

<400~ SEQUENCE: 11 

Gln Lys Tyr Aen Ser Ala Pro Tyr Ala 
1 5 

<210> SEQ I D NO 12 
<2 ll> LENGTH: 9 
<212> TYPE: PRT 
<213> ORGANISM: Art ificial Seque nce 
<220> FEATURE: 
<223> OTHER INFORMA.TIOI~: mutated human antibody 

<4 00> SEQUENCE: 12 

Gln Lys Tyr Asn Arg Ala Pro Tyr A.la 
l 5 

<210> SEQ ID NO 13 
<211> LENGTH : 9 
<212 > TYPE: PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: mutated human antibody 

<400> SEQUENCE: 13 

Gl n Lye Tyr Gln Arg Ala Pro Tyr Thr 
1 5 

<210> SEQ ID NO 14 
<211> LENGTH: 9 
<2 12> TYPE: PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMA.TION: mutated human antibody 

A.en 
110 

Tyr cys 
95 

Trp Gly 

36 
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<400> SEQUENCE : 14 

Gln Lys Tyr Ser Ser Ala Pro Tyr Thr 
5 

<210> SEQ ID NO 15 
<211> LENGTH: 9 
<212> TYPE: PRT 
<213"> ORGANISM: Artificjal Sequence 
<220> FEATURE: 

US 8,889,135 B2 

-continued 

,223, OTHER INFORMA..TION : mutated hum~n antibody 

<400> SEQUENCE: 15 

Gln Lys Tyr Asn Ser Ala Pro Tyr Thr 
5 

<210> SEQ ID NO 16 
<211> LENGTH: 9 
<212> TYPE: PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: mutated human antibody 

<400> SEQUENCE: 16 

Gln Lys Tyr Asn Arg Ala Pro Tyr Thr 
l 5 

<210> SEQ ID NO 17 
<211> LENGTH: 9 
<212> TYPE: PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: mutated human antibody 

<400> SEQUENCE: 17 

Gln Lya Tyr Asn Ser Ala Pro Tyr Tyr 
1 5 

<210> SEQ ID NO 18 
<211> LENGTH: 9 
<212> TYPE: PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: mutated human antibody 

<400> SEQUENCE : 18 

Gln Lys Tyr A!m Ser Ala Pro Tyr Asn 
1 5 

<210> SEQ ID NO 19 
<211> LENGTH : 9 
<212> TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMA.TION: mutated human antibody 

<400> SEQUENCE: 19 

Gln Lys Tyr Thr Ser Ala Pro Tyr Thr 
1 5 

<210> SEQ ID NO 20 
<211 > LENGTH: 9 
<212> TYPE: PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: mutated human antibody 

<400> SEQUENCE : 20 

38 
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Gln Lys Tyr Asn Arg Ala Pro Tyr Asn 
l s 

<210> SEQ IO NO 21 
<211> LENGTH' 9 
<2 12> TYPE , PRT 
<213> ORGANISM, Artificial Sequence 
<Z 20'> FE:ATURE, 

US 8,889,135 B2 

-continued 

<223> OTHER IN!'ORMA,TION, mutated human antibody 

<400> SEQUENCE , 21 

Gln Lys Tyr Aan Ser Ala Ala Tyr Ser 
s 

<210> SEQ I D NO 22 
<211> LENGTH, 9 
<212> TYPE, PRT 
<213> ORGANISM: Artificial Sequence 
<220> FE:ATURE, 
<2 23 > OTHER IN!'ORMA.TION, mutated human antibody 

Gln Gln Tyr Asn Ser Ala Pro Asp Thr 
1 5 

<210> SEQ ID NO 23 
<2 ll> LENGTH , 9 
<212> TYPE, PRT 
<213> ORGANISM : Artificial Sequence 
<220> FEATURE, 
<223> OTHER INE'ORMl'.TION' mutated human antibody 

<400> SEQUENCE, 23 

Gl·n Lye: Tyr Asn Ser Asp Pro Tyr Thr 
l 5 

<210> SEQ I D NO 24 
<211> LENGTH , 9 
<212> TYPE, PRT 
<213> ORGANISM, Art ificial Sequence 
<220> FEATURE, 
<223> OTHER IN!'ORMA.TION' mutated human antibody 

Gln Lyo Tyr I le Ser Ala Pro Tyr Thr 
1 5 

<210> SEQ ID NO 25 
<211> LENGTH, 9 
<212> TYPE : PRT 
<213> ORGANISM , Artificial Sequence 
<220> FEATURE, 
<223> OTHER INE'ORJ<IA.TION' mutated human antibody 

<400> SEQUENCE, 25 

Cln Lyo Tyr Aon A.rg Pro Pro Tyr Thr 
1 5 

<210> SEQ ID NO 26 
<211> LENGTH, 9 
<212> TYPE ' PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, mutated human antibody 

40 

Appx263

Case: 17-2304      Document: 36     Page: 329     Filed: 12/13/2017



34

41 

Gln A.rg Tyr Asn Arg Ala Pro Tyr Ala 
l 5 

<210> SEQ ID NO 27 
<211> LENGTH: 12 
<212> TYPE: PRT 
<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

US 8,889,135 B2 

-continued 

<223"> OTHER tNFORMATlON ! mutated h\lmr1n .:1nti body 

~400> SEQUE:NCE : 27 

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Asn 
l 5 10 

~210~ SEQ ID NO 28 
<211> LENGTH: 12 
<212> TYPE: PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMA.TION: mutated human antibody 

<400> SEQUENCE: 28 

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Lys 
5 10 

<210> SEQ IO 110 2~ 

<211> LENGTH: 12 
<212> TYPE : PRT 
<213> ORGANISM: Art i ficial Sequence 
<220> FEATURE: 
<223> OTHER INPORMA.TION: mutated human antibody 

<400> SEQUENCE: 29 

Al a Ser Tyr Leu Ser Thr Ser Ser Ser Leu Aop Tyr 
l 5 10 

<210> SEQ ID NO 30 
<211> LENGTH: 12 
<212> TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<2 20> FEATURE: 
<223> OTHER INFORMATION: mutated human antibody 

<400> SEQUENCE : 30 

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Asp 
1 5 10 

<210> SEQ I D NO 31 
<2ll> LENGTH: 12 
<212> TYPE: PRT 
<213> ORGANISM : Ar tificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: mutated human antibody 

<400> SEQUENCE : 31 

Al a Ser Tyr Leu Ser Thr Ser Phe Ser Leu Asp Tyr 
5 10 

<210> SEQ ID NO 32 
<2ll> LENGTH: 12 
<212> TYPE: PRT 
<213 > ORGANISM~ Artificia l Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: mutated human antibody 

<400> SEQUENCE: 32 

Al a Ser Tyr Leu Ser Thr Ser Ser Ser Leu His Tyr 

42 

Appx264

Case: 17-2304      Document: 36     Page: 330     Filed: 12/13/2017



35

5 

<210> SEQ ID NO 33 
<211> LENGTH' 12 
<212> TYPE, PRT 

43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

US 8,889,135 B2 

-continued 

10 

<223> OTHER INFORMA.TION: mutated human antibody 

<400> SEQUENCE: 33 

Ala Ser Phe Leu Ser Thr Ser Ser Ser Leu Glu Tyr 
l 5 10 

<210> SEQ ID NO 34 
-o:2ll;. L&NGTH: 12 

<212> TYPE: PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMA.TION: mutated human antibody 

<400> SEQUENCE: 34 

Ala Ser Tyr Leu Ser Thr Ala Ser Ser Leu Glu Tyr 
5 10 

<210> SEQ I D NO 35 
<2 ll> LEHCTH : 12 
<212> TYPE: PRT 
<2 13> ORGANISM : Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMA.TION : mutated human antibody 

<400> SEQUENCE: 35 

Val Ser Tyr Leu Ser Thr Ala Ser Ser Leu Aop Aon 
1 5 10 

<210> SEQ ID NO 36 
<211> LENGTH' 321 
<212> TYPE: DNA 
<213> ORGANISM : Artificial Sequence 

<223> OTHER INFORMA.TION: mutated human antibody 

c400> SEQUENCE: 36 

gacatccaga tgacccagtc tccatcctcc ctgtctgcat ctgtagggga cagagtcacc 60 

atcacttgtc 999caa9tca gggcatcaga aattacttag cctggtatca gcaaaaacca 120 

gggaaagccc ctaagctcct gatctatgct gcatccactt tgcaatcagg ggtcccatct 180 

cggetcagtg gcagtggatc tgggacagat ttcactetea ecateageag cctacageet 240 

9aa9atgtt9 caacttatta ctgtcaaagg tataaccgcg caccgtatac ttttggccag 300 

gggaecaagg tggaaatcaa a 321 

<210> SEQ ID NO 37 
<211> LENGTH: 363 
<212> TYPE: DNA 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: mutated human antibody 

<4 00> SEQUENCE: 37 

ga99tgcagc tggtggagtc tgggggaggc tt99tacagc ccggcaggtc cctgagactc 60 

tcctgtgcgg cctctggatt cacctttgat gattatgcea tgcaetgggt ccggcaagct 120 

ccagggaagg gcctggaatg ggtctcagct atcacttgga atagtggtca catagactat 180 

44 
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45 46 

-cont inued 

gcggactctg tggagggccg attcaccatc tccagagaca acgccaagaa ctccctgtat 240 

ctgcaaatga acagtctgag agctgaggat acggccgtat attactgtgc gaaagtctcg 300 

taccttagca ccgcgtcctc ccttgactat tggggccaag gtaccctggt caccgtctcg 360 

agt 363 

10 
What is claimed: 
l. A method for treating rheumatoid arthritis in a human 

subject. comprising administering subcutaneously to a 
human su~ject having rheumatoid arthritis a total body dose 
of40mgofahumananti-TNFaantibodyonceevery 13-1 5 tS 
days for a time period sufficient to treat lhe rhewnatoid arthri-
tis, wherein the anti-TNFa antibody comprises an lgG I 
heavy chain constant region: a variable light ("VL") chain 
region oomprisinga CDR I having the amino acid st.-qucnccof 
SEQ ID N0:7. a CDR2 having the amino acid sequence of 

20 
SEQ ID NO:S, and a C DR3 having the amino acid sequence 
of SEQ ID N0:3: and a variable heavy ("V11") c hain region 
comprising a CORI having the amino acid sequence of SEQ 
ID N0:8, a CDR2 having the amino acid sequence of SEQ ID 
N0:6 and a CDR3 having the amino acid sequence of SEQ ID 
N0:4. 25 

4.111e method of claim J , wherein the a nti-TNFaantibody 
is administered for a period ol"at least 24 weeks. 

5. A method for treat ing rheumato id arthritis in a human 
subject. consisting of administering subcutaneously to a 
human subject having rheumatoid arthritis a composition 
comprising 40 mg of a hw1Jan anti-TNFa antibody once 
every 13 -15 days for a time period sufficient to treat the 
rl1cwmttuid <1l1lll'itis. whcrci11 the allli-TNFu antiooc.ly i.;u1t1-
prises an IgG l heavy chain constant region: a variable light 
("V 1,.") chain region comprising a CDRJ having the amino 
acid sequence of SEQ ID N0:7, a CDR2 having lhe amino 
acid sequence of SEQ ID NO:S, and a CDR3 having lhe 
amino acid sequence of SEQ ID N0:3: and a variable heavy 
("V1/') chain regjon comprising a CORI having the amino 
acid sequence of SEQ ID N0:8, a CDR2 having lhc amino 
acid sequence of SEQ lD N0:6 and a CDR3having the amino 
acid sequence of SEQ ID N0:4, and wherein lhe human 
anti-TN Fa antibody is administered in the form of a phanna-

2. 'l11e method of claim I , wherein the V /,. chain region of 
the anti-TNFa antibody has the amino acid sequence of SEQ 
ID NO:I and the V 11 chain region of the anti-TNFa antibody 
has the amino acid sequence of SEQ ID N0:2. 

3.111c metJ1od ofclaim 2, wherein the anti-TNFaantibody 
is administered for a period of at least 24 weeks. 

30 ceutically acceptable composition. 
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Methods of treating disorders in which TNFo. activity is 
detrimental via biweekly, subcutaneous administration of 
human a ntibodies. preferably recombinant human antibod
ies, that specil1cally bind to human tumor necrosis factor u 
QffNFo.) arc disclosed. The antibody may be administered 
with or without rnethotrexate. These antibodies have high 
affinity for hTNFo. (e.g .. Kr 10-s Mor less), a slow off rate 
for hTNFo. dissociation (e.g .. K0_r10-3 scc- 1 or less) and 
neurralize hlNFo. activity ill vitro and in vivo. An antibody of 
the invention can be a full-length antibody or an an tigen
binding po rtion thereof. Kits containing a phamuiccutical 
composition and instructions for dosing. and preloaded 
syringes containing pharmaceutical composi tions arc also 
e nco mpassed by the invention. 
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METDODS OF ADMINISTER ING Al'ffl-TNFa 
ANTIUODI ES 

CROSS-REFERENCE TO RELATED 
APPi.IC i\TIONS 

2 
regions and lhc antiboclyconslant regions arc human-derived, 
have also been prepared (PCT Publication No. WO 92/1 1383 
by Adair. J. R .. et al.). llowcvcr. because 1hesc chi.meric and 
humanized antibodies s1il1 retain some murine sequences. 
they still may elicit an unwanted immune reaction. the human 
anti-chimeric antibody (l!ACA) rcaciion. especially when 
administered for prolonged periods. e.g .. for chronic indica
tions. such as rheumatoid arthritis (sec e.g.. Ell ion. M. J.. e1 al. 
(1994) Lancet 344:1125-1127: Elliot. M. J.. ct al. (1994) 

The presen1 applica1ion is a continuation of U.S. applica
lion Ser. No. 10/163.657. liled on Jun. 5. 2002. which claims 
lhc benefit of U.S. Provisional Application No. 60/296. % I. 
filed Jun. 8. 2001. Eacb of1hcscapplica1ions is bcrcby incor
porated by reference in ils cn1irc1y. 

to La11ce1344:1105-1110). 

BACKGROUND OF Tl IE INVENTION 

A preferred hTNFa inhibitory agent to murine mAbs or 
dcriva1ives thereof (e.g .. chimeric or humanized antibodies) 
would be an entirely human anli-hTNFu. antibody. since such 
an agcnl should not elicit the I IAMA reaction, even if used for 

Tumor necrosis fac1or u. (TN Fa) is a cy1okine produced by 
munerous cell types, including monocyies and macrophages. 
that was origi11:1lly idcnlificd based on its c:apacily 10 induce 
1be necrosis of certain mouse 1umors (see e.g .. Old. L. ( 1985) 
Science 230:630-632). Subscqucnlly. a factor termed cacbcc-
1in. associated with cachcxia. was shown to be the same 
molecule as TNFa. TNFo. has been implicated in mediating 
shock (sec e.g .. Beutler. B. and Cerami.A. (1988)A111111. Rl'V. 
Biochem. 57:505-518: Ocuilcr. B. and Cerami. A. (1989) 
Ann11. Rev. /11111111110/. 7:625-655). Furthermore. TNFcl has 
been implicated in the palhophysiology of a variely of other 
bu man diseases and disorders, includiJ1g sepsis. infections, 
autoimmune discuses. tronsplunt rcjcc1io11 and gralt-vcr.1us
host disease (see e.g .. Ynsilli, P. (1992}A11n11. Re1< /11111111110 /. 

10:411-452: Tracey. K. J . and Cerami. A. (1994) A111111. Rev. 
Med. 45:491 -503). 

ts prolonged periods. Human monoclonal au1oan1ibodies 
against hTNFa have been preparnd using human hybridoma 
techniques (Boyle. P .. ct al. (1993) Cell. 111111111110/. 152:556-
568: Boyle. P .. et al. (1993) Cd/. 111111111110/. 152:569-581: 
European Patent Application Publica1ion No. 6 14 984 i\2 by 

20 13oylc. cl al.). However. these hybridoma-dcrivcd mono
clonal autoantibodies were rcponcd 10 have an affinity for 
hTNFa thal was too low to calculate by conventional mclh
ods. '"ere unable to bind soluble hTNFa and were unable to 
neutralize hTNFa-induced cytotoxicity (see Boyle. et al.: 

2~ supra). Moreover. the success of t he Inunan hybridoma tech
nique depends upon the natural presence in human peripheral 
IJluuJ uf ly111pbucy1t:s prudtu.; iu~ au1oa111ibullics spccific fur 
hTNFa. Certain s1udics have detected scnim autoantibodies 
against hTNFa in humM subjecls (Fomsgaard, A .. cl al. 

Because of the hannful role of human TNFa (hTNFa) in a 
variety of human disorders. therapeutic strategies have been 
designed 10 inhibit or counlcracl hTNFa activity. In particu-

30 ( 1989) Scand. J. !111111111101. 30:219-223: I3cnd1zcn. K .. cl al. 
(1990) Prog. Leukocyle Biol. 1013:447-452). whereas others 
have not (Leusch. IJ-G .. cl al. ( 1991) J. /1111111mol. Me1hods 
1:>9: 145-147). 

lar. antibodies that bind 10. and neutralize. hTNFa have been 
sought as a means to inhibit hTNFa activity. Some of the J~ 
earliest of such antibodies were mouse monoclonal antibod-
ies (mAbs). secreted by hybridomas prepared from Jympho· 
cy1esofmice immuniLA.-d wi1h hTNFa (see e.g .. Hahn T: el al .. 
(1985) Proc Nail Acad Sci USA 82: 3814-3818: Liang. C -M .. 
ct.al.(1986)Biochem. Biophys. Res. Co111m1111. 137:847-854: 40 

Hirai, M .. et a l. (1987) J. 111111111110/. Methods 96:57-62: 
Fcndly. B. M .. cl al. ( 1987) llybridoma 6:359-370: Moller, 
A. , ct al. ( 1990) Cy1okiu£- 2: 162-169; U.S. Pat. No. 5.231.024 
10 Moeller et al.: European Patent Publication No. 186 833 BI 

1\ltcmative to naturally-occurring human anti -hTNFa 
antibodies would be a recombinanl hTNFu antibody. Recom
binant human antibodies that bind hTNFa wi1h relatively low 
affinily (i.e .. K.r10-7M) and a fast off rate (i.e .. K0810-2 

sec-') have been described (Griffiths. A D., et al. (1993) 
IJMBO J. 12: 725-734 ). llowcvcr. because of I heir rclat ively 
fast dissociation kinetics. these antibodies may nol be suitable 
for therapeutic use. Addi1ionally. a recombinant hLm1m1 anti-
hTNFo. has been described 1h<11 docs not neu1ralize hTNFa 
activity. but rather enh:mccs binding ofhTNFa to the surface 
of cells and enhances i11temaliza1ion ol'hTNFa (Lidbury. A., 
Cl ol. ( 1994) Biotechnol. 771er. 5:27-45: PCT Publicaiion No. 
WO 92/03 145 by Aston. R. ct al.) 

Recombinant human antibodies that bind soluble hTNFa 
with high affinity and slow dissociation kinetics and that have 
the capaciiy to neutralize bTNFa activity. including hTNFa
incluced cytotoxicity (in vitro and in vi\'o) ancl hTNFa-in
duced cell ac1ivation. have also been described (sec U.S. Pal. 
No. 6,090.382). Typical protocols for administering antibod
ies arc perfom1ed intravenously on a weekly basis. Weekly 
dosing with antibodies and/or any drug can be costly. cum-

by Wallach. D.: European Palen! i\pplication Publication No. 4~ 
218 868 Al by Old ct al.: European Patent Publication No. 
260610 Bl by Moeller./\ .. Cl al.). While these mouseanli
hTNFa antibodies often displayed high affinity for hTNFa 
(e.g .. Kds I 0-9 M) and "ere able 10 neutralize bTNFaactivily, 
their use in vivo may be limited by problems associated with 50 

administration of mouse antibodies to humans. such as short 
scrum balflifc. an innbilily to 1riggcr certain human cJTccior 
fw1ctions and elicitation of an unwanted immune response 
ag.ainst the mouse anlibody in a human (the "lnunan anti· 
mouse antibody" (UAMA) reaction). 55 bcrsomc. and resuh in an increase in the number of side 

cn<x:ls due 10 the frequency of administration. Intravenous 
administration a lso has li111ita1ions in that 1he adminis1ratio n 
is usually provided by someone with medical training. 

In an an em pl 10 overcome the problems associated with use 
of folly-murinc antibodies in humans. murine anti-hTNFa 
antibodies bavc been gcnclica lly engineered 10 be more 
"human-like." For example. chimeric antibodies. in which the 
variable regions of the antibody chains are murine-deriv<.-d 60 

and the constant n.-gions of lhc an1ibody chains arc Conlinu
ation of application Ser. No. 10/163.657-buman-dcriv<.-d. 
have been prepared (Knighl. D. M. ct al. (1993) Mo/. /m11111-
110/. 30:1443-1453: PCT Publication No. WO 92116553 by 
Daddona. P. E., ct al.).Additionally. humanized antibodies. in 6~ 
which the hypcrvariablc domains of the antibody variable 
regions are murine-derivcd but the remainder o f the variable 

SUMMARY OF Tl IE IN\"ENTION 

The present invemion provides methods for biweekly dos
ing regimens for the treatment o fTNFa associated disorders. 
preferably via a subcutaneous route. Biweekly dosing has 
m:my advantages over weekly dosing including. but not lim
ited 10. a lower number of total injections. decreased nwnber 
of inject ion si1e reactions (e.g., local pain and swelling), 
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increased patient compliance (i.e., due to less frequent injcc- isolated hum.an antibody. or an antigen-binding portion 
tions). mid less cost to the patient as well as the health care thereof. T he antibody orantigen-bindingporrion thereofpref-
provider. Subcutaneous dosing is adv:mtageous because the erably dissociates from human TN Fa with a Kdof Ix I o-s M 
patient may self-administer a therapeutic substance, e .g., a or less and a K0ff rate constant of I x i 0-3 s-1 or less, both 
human TNFa antibody, which is convenient for both the determined by surface plasm.oil resonance, aod oeutralizes 
patient and the health care provider. human TNFa cytotoxicity in a standard in vitro L929 assay 

1bis i.ovention provides methods for treati.og disorders in with an IC50 of I xl0-7 Mor Jess. More prcforably, the iso-
wh.ich TNFa activity is detrimenta l. The methods include lated human antibody. or antigen-binding portion thereof, 
ad.ministering biweekly, subcutaneous injections of antibod- dissociates from human TN Fa with a K0...,.of 5x IO""" s-1 or 
ies to a subject. The antibodies preferably are recombinant 10 less, or even more preferably. with a K0.,,.of I x i 0-4 s-1 or less. 
hmnan antibodies that specifically bind to human TNfa. This More preferably, the isolated bwnan antibody. o r antigen-
invention further provides methods for treating disorders in binding portion thereof. neutralizes human TNFa cytotoxic-
wb.ich TN Fa activity is detrimental. ll1ese methods include ity in a standard in vitro L929 ~1ssay with an lC50of I x i o-s M 
utilizing a combination therapy wherein lw rnan antibodies or less, even more preferably wi th an IC50 ofIx10-9 M orless 
are administered to a subject with another therapeu tic agent. is and still more preferably witlt an IC50 of Ix I 0-10 Mor Jess. 
such as one o r more additional antibodies that bind other In another embodiment, the invention provides methods of 
targets (e.g .. antibodies that bind othercytokines or that bi11d treating d isorders ill which TNFa activity is detrimelllal by 
cell surface molecules). one ormorecytokines, solubleTNFet the biweekly. subcutaneous ad1ninistrat ion to the subject a 
receptor (see e.g., PCT Publication No. WO 94/06476) and/or human antibody, or antigen-binding portion thereof. 1l1e anti-
one or more chemical agents that inhibit hTNfa production 20 body or antigen-binding portion thereof preferably has the 
or activity (such as cyclohexane-ylidene derivatives as following characteristics: 
described in PCT Publication No. WO 93/19751 ), preferably a) dissociates from human TNFa with a K0ffof I xJ0-3 s-• 
methotrexate. The antibodies are preferably recombinant or less, as determined by surfuee plasmon resonance: 
hwrmm antibodies that specifically bind to buman TNFa. The b) has a light chain CDR3 domain comprising the amino 
antibodies of tbe invention are characterized by binding to 25 acid seque11ce of SEQ ID NO: 3. or modified from SEQ ID 
hTNFet with high affinity and slow dissociation kinetics and NO: 3 by a si.ogle alanine substinnion at position I , 4, 5, 7 or 
by neutralizing hTNFa activi ty, including hTNFa-induccd 8 or by one to five conservative amino acid substit1Jtions at 
cytotoxicity (in vitroaJ1d in vivo) and hTNFa-induced cellu- posit ions I. 3, 4. 6, 7. 8 and/o r 9; 
Jar activation. The antibodies can be full-leng1h (e.g .. an lgG l c) bas a heavy chain CDR3 domain comprising the amino 
or lgG4 antibody) or can comprise only a.n antigen-binding 30 acid sequence of SEQ ID NO: 4. or modified from SEQ ID 
portion (e.g., a Fab, F(ab')2 , seFv fragment or single domain). NO: 4 by a single alanine substitution at position 2, 3. 4, 5, 6, 
The most preferred recombinant antibody of the invention. 8, 9, 10 or I I or by one to five conservative amino acid 
termed D2E7. has a light chain CDR3 domain comprising the substitutions at positions 2, 3. 4. 5. 6. 8. 9. I 0. 11 and/or 12. 
amino acid sequence <>f SEQ ID NO: 3 and a heavy chain More preferably. the antibody. or antigen-binding portion 
CDR3 domain comprising the amino acid sequence of SEQ 35 thereof, d issociates from human TN Fa with a K.,g-of 5xl 0 .... 
ID NO: 4 (set forth in Appendix B). Preferably. the D2E7 s-• or less. Still more preferably. the antibody. or antigen-
autibody has a light cbain variable region (LCVR) compris- binding portion thereof. dissociates from human TNFa with 
ing the amino acid sequence of SEQ ID NO: I and a heavy a K

0
.ffof I xIO""" s-• or Jess. 

chain variable region (HCVR) comprisi11g the amino acid In yet another embodiment, the invention provides meth-
sequencc of SEQ JD NO: 2. These antibodies arc described in .io ods oftrcatiug disorders in wb.ich TNFa activity is dctrimen-
U .S. Pat. No. 6.090,382. incorporated in its: entirety herein by ta!. These methods include a biweekly. subcutaneous admin-
reference. istration to the subject a human antibody. or an antigen-

ln one embodiment, the invention provides methods of binding portion thereof The antibody or antigen-binding 
treating disorders in which TN Fa activity is detrimental. portion thereof preferably contains an LCVR having CDR3 
These methods include inhibiting human TNFa act ivity by 45 domain comprising the aniiuo acid sequence of SEQ ID NO: 
sulbcutaneous, biweeklyadministrationofananti-TNFaanti- 3, or modified from SEQ ID NO: 3 by a single alanine sub-
body such that the disorder is treated.111ed isorder can be. for stitution at position 1. 4. 5. 7 or 8, and with an HCVR having 
ex.ample, sepsis. an autoimmune disease (e.g .. rheumatoid a CDR3 domain comprising the amino acid seque11ce of SEQ 
arthritis, allergy, multiple sclerosis. autoinuuune diabetes, ID NO: 4, or modified from SEQ JD NO: 4 by a single alanine 
autoimmune uveitis and nephrotic syndrome), an infectious 50 subst itution ut position 2. 3. 4. 5. 6. 8. 9. I 0 or I I. More 
disease, a malignancy. transp lant rejection or graft-versus- preferably, the LCVR further has a CDR2 domain comprising 
host disease, a puhnonary disorder. a bone disorder, au intes- the amin<> acid sequence of SEQ ID NO: 5 and the HCVR 
tinal disorder or a cardiac disorder. further has a CDR2 domain comprising the amino acid 

ln another embodiment. the invention provides methods of sequence of SEQ ID NO: 6. S1ill more preferably, the LCVR 
trcati.og disorders iu which TNFa activity is detrimental. 55 further has CDRI domain comprising the aniino acid 
Tbese methods include inb.ibitiog human TNFa act ivity by sequence of SEQ ID NO: 7 and the HCVR has a CDRI 
sulbcutaneous ad.minis"iration of an ami-TNFa antibody and domain comprising the amino acid sequence of SEQ ID NO: 
mcthotrexate such that the disorder is treated. In one aspect, 8. 
methotrexate is administered together wjth an anti-TNFa In still another embodime1rt, the invention provides meth-
antibody. In another aspect. methotrexate is administered 60 od.s of treating disorders in which TNFo. activity is detrimen-
prior to the administration of au anti-TNFa antibody. ln sti ll tal by subcutaneously administering to the subject. biweekly, 
another aspect. methotrexate is administered subsequent to an isolated human antibody. or an antigen binding portion 
the administration of an anti-TN Fa antibody. thereof. T he antibody or antigen-binding portion thereof pref-

In a preferred embodiment, the anti-TNFet antibody used erably contains an LCVR comprising the amino acid 
to treat disorders in wh.icb TNFa activity is derrimental is a 65 sequence of SEQ ID NO: l and au HCVR comprising the 
hwnan anti-TNFa antibody. Even more preferably, treatment amino acid sequence of SEQ ID NO: 2. In certa in embodi-
oocurs by tbe biweekly, subcutaneous adminis trat ion of an ments, the antibody has an JgG I heavy chain constant region 
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or an lgG4 heavy chain coDstant region. In yet other embodi
ments, the antibody is a Fab fragment. an F(ab')2 fragment or 
a single chain Fv fragment. 

ln still other embodiments, the invemiou provides methods 

6 
physical function; 13P. bodily pain: GI-I, general health: V. 
vitality; SF, social functioning; RE. role emotional; and ME, 
mental health. 

FJG. 5 depicts the percentage of ACR responders following 
a single intravenous i1~jec1ionoftheantibody D2E7 and meth
Olrcxatc in patients suITering from RA. 

DE'J:t\ILED DESCRIPTION OF THE INVENTION 

This i11veo1ion pertains 10 methods of treating d isorders in 
which the administratioo of an anti-TNFo. antibody is ben-
eficial comprising the administration of isolated human anti
bodies, o r antigen-binding portions thereof. that bind 10 
human TNFo. with high affinity. a low oJJ rate and high 
oeutraliziug capacity such that the disorder is treated. V:ll'ious 
aspects of the invention relate to treatment with antibodies 
and antibody fragments, and pharmaceutical compositions 
thtmiof. 

In order that the present invention may be more readily 
understood, certain terms :ll'C first defined. 

of treating disorders in which the administration of an anti
TNFo. antibody is beneficial by subcutaneously administer
ing to tbe subject, biweekly, one or more anti-TNFo. antibod
ies, or antigen-binding ponions thereof. 111e antibody or 
antigen-binding portion thereof preferably contains an LCVR 
having CDR3 domain comprising an amino acid sequence 

10 

selected from the group consisting of SEQ lD NO: 3. SEQ ID 
NO: l l. SEQ ID NO: 12. SEQ ID NO: 13. SEQ ID NO: 14. 
SEQ ID NO: J 5, SEQ ID NO: 16, SEQ JD NO: J 7, SEQ lD 
NO: 18, SEQ ID NO: 19, SEQ ID NO: 20. SEQ ID NO: 21, 15 
SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24. SEQ lD 
NO: 25. SEQ ID NO: 26 ur with an l-ICVR having, a CDR3 
domain comprising an amino acid sequence selected from the 
group consisting of SEQ ID NO: 4, SEQ IO NO: 27, SEQ ID 
NO: 28, SEQ ID NO: 29. SEQ ID NO: 30, SEQ ID NO: 31, 20 

SEQ ID NO: 32. SEQ ID NO: 33, SEQ ID NO: 34 and SEQ 
IDNO: 35. The term "dosing", as used herein, refers to the adminis

tration of a substance (e.g., an anti-TNFo. antibody) lo 
achieve a therapeutic objective (e.g .. the treatment of a 

25 TNFo.-associaced disorder). 

Still another aspect of the invention pertains to kits con
taining a formulation comprising a phannaeeutical composi
tion. l11e kits comprise an anti-TNFo. ant ibody and a phar
maceutically acceptable carrier. 'f11e kits contain instmctions 
for biweekly subcucaneous dosing, of cbc pluorma.:eucical 
composi tion for the rreatmenl of a disorder in which the 
administration of an anti-TNFo. antibody is beneficial. In 
another aspect. the invention pertains lo kits containing a 
formulation comprising a phannaccutical composition. fur
ther comprising an ant i-TNFo. antibody. metbotrexatc. and a 
pharmaceut ically acceptable carrier. The kits contain inslncc
tions for subcutaneous dosing of the phamiaceutical compo
sition for the treatment of a disorder in whicb the administra
tion of an ant i-TNFa ant ibody is beneficial. 

Still another aspect of the iuvention provides a preloaded 
syringe containing a pharmaceutical composition comprising 
an anti-TNFo. antibody and a phannacemically acceptable 
cairrier. Jn still another aspect. the invention provides a pre
loaded syringe coDta ining a phannaceu1ical composition 
comprising an anti-TNFa antibody, methotrexate, and a phar
maceu cically accept::ible C:ll'rier. 

BRIEF DESCRJPTJON OF THE DRAWlNGS 

FIG. 1 depicts the American College of RJ1euma1ology 20 
(ACR20) and ACR50 respoDses for patients suffering from 
rheumatoid anhritis (RA) afier subcutaneous dosing with the 
ant ibody D2E7 every week for a tow I o f twelve weeks (top), 
or subcutaneous dosing with the antibody D2E7 and meth
otrcxate every other week (bouoru) for a total of twenty-four 
weeks. These data indicate that every other week dosing is as 
effective as every week dosing. 

FlG. 2 depicts ACR20, ACRSO. and ACR70 responses for 
patients suJJeriog from RA after subcutaneous dosi11g with 
the alllibody D2E7 and methotrexate every other week at 
twenty-four weeks. 

FIGS. 3A and 38 depic t time courses of tender joint count 
(3A) and swollen joint cotmt (38) overtwenty-fourweeks for 
patients suffering from RA after subcutaneous dosing with 
D2E7 and methotrcxate every other week al twenty-four 
weeks. 

FIGS. 4A and 48 depict results from a short form health 
survey (SF-36) from patients suffering from RA after subcu
taneous dosing with the antibody D2E7 and methotrexate 
every other week al twenty- four weeks. RP:, role physical; PF, 

The tenns "biweekly dosing regimen". '"biweekly dosing", 
and "biweekly adminiscrntion". as used herein. refer to the 
time course of administering a substance (e.g .. an anti-TNFo. 
antibody) to a subject to achieve a therapeutic objective (e.g .. 

30 the treatment of a TNFo.-associated disorder). The biweekly 
dosing regimen is 1101 iiuended 10 include a weekly dosing 
regimen. Preferably, the substance is administered every 9-19 
days. more preferably, every I 1-17 days, even more prefer
ably, every 13-15 days. and most preferably. every l 4 days. 

35 'll1e tenn "combination therapy". as used herein. refers to 
the administration of two or more therapeutic substances. 
e.g .. an anti-TNFo. a111ibody and the dnig methotrcxatc. The 
metho1rexa1e may be administered concomitanc with. prior 
to, or following the ad1ni11istratio11 of an ami-TNFa. antibody. 

.. o The term "human TNFo." (abbreviated herein as hTNFo., 
or simply hTNF). as used herein, is intended to refer to a 
human cytokine that exists as a 17 kD secreted form and a 26 
kD membrane associated form, the biologically active fom1 
of which is composed of a trimer of noncovalemly bound 17 

45 kD molecules. TI1e stnccture ofTNFet is described further in, 
for example, Penni ca. D .. el a l. (1984) Nature 312 :724-729: 
Davis . .I. M., et al. (1987) Biochemistry 26: 1322- 1326: and 
Jones, E. Y., el al. (1989) Na111re 338:225-228. The term 
human TNFo. is intended to include recombinaot human 

50 TNFo. (rhTNFo.), which can be prepared by standard recom
binalll expression methods or purchased conrn1ercially (R & 
D Systems. Catalog No. 210-l:J\., Minneapolis. Mill1l.). 

ll1e term "antibody", as used herein. is intended to refer 10 
inummoglobulin molecules comprised of four polypeptide 

55 chains. two heavy (1-1) chains and two light (L) chai11S inter
connected by disulfide bonds. Eacb heavy chain is comprised 
of a heavy chain variableregion (abbreviated herein as 1-JCVR 
or VH) and a heavy chain constant region. The heavy chain 
constant region is comprised o f three domains. CH I .. Cl-12 and 

60 Cl-13. Each light chain is comprised of a light chain variable 
region (abbreviated herein as LCVR orVL) and a light chain 
constam region. TI1e light chain constant region is comprised 
of one domain, CL. The VH and VL regions can be further 
subdivided into regions ofhypervariabili1y, tenned comple-

65 mentarity detennining regions (CDR), iuterspcrsed witb 
n.--gions that are more conserved. tenned framework regions 
(FR). Each VH and VL is composed of three CDRs and four 

Appx282

Case: 17-2304      Document: 36     Page: 348     Filed: 12/13/2017



17

US 9,01 7,680 B2 
7 

FRs. arranged from amino-terminus to carboxy-tcrmiuus in 
the following order: FR I. CDR I , FR2. CDR2, FR3, CDR3, 
FR4. 

Tue term "antigen-binding portion" of ru1 amibody (or 
simply "antibody portion"). as used herein. refers to one or 
more fragments of an antibody that retain the ability to spe
cifically b ind to an antigen (e.g ., hTNFa.). It has beeD shown 
that the antigen-binding ftmction of an anribody can be per
for med by fragments of a foll-lengtb antibody. Examples of 
binding fragments encompassed within the term "antigcn
bi.nding portion" of an antibody include (i) a Fab fragment, a 
monovalclll fragment consisting of the VL. VT!, CL and CH I 
domains: (ii) a F(ab')2 fragmenr. a bivalenr fragment compris
ing two Fab fragmeDts linked by a d isulfide bridge at the binge 
region; (iii) a Fd fragmelll consisting of the VH and Clll 
<lu111ains: (iv) a Fv frng,rnent <:vnsi~ting of the VL mid VH 
domains of a single arm of an antibody, (v) a dAb fragment 
(Ward et al.. ( 1989) Nature 341 :544-546). which consists of a 
VE-l do111ain: and (vi) an isolated co111plementarity deter111in
ing region (CDR). FurLhermore. although tlte two domains of 
the Fv fragment, VL aud VIL are coded for by separate genes, 
they can be joined. using recombinant methods. by a synthetic 
linker that enables them to be made as a single protein chain 
in which the VL and VH regions pair to form monovalent 
molecules (known as s ingle chain Fv (scFv); see e.g., Bird et 
al. (1988) Science 242:423-426; and Huston et al. (1988) 
Proc. Natl. !lead. Sci. US!l 85:5879-5883 ). Su(;b tiingl(; (;bain 
an1ibodies arc also i111ended to be encompassed within the 
term "allligen-binding. portion" of an antibody. OtJ1er forms 
of single chain aDtibodics. such as diabodies arc also encom
passed. Dia bodies are bivalent, bispecific antibodies in which 
VH and VL domains are expressed on a single polypeptide 
chain, but using a linker that is too short to allow for pairing 
between the two domains on the same chain. thereby forcing 
the domains to pair with complementary domains of another 
chain and creating two antigen binding sites (sec e.g .. !Iol
ligcr. P .. et al. (1993) Proc. Natl. Acad. Sci. USA 90:6444-

8 
derived from the gcrml ine of another mammalian species, 
such as a mouse. have been grafted onto human framework 
sequences. 

TI1e term "recombinant human antibody". as used herein. 
is intended to include all human ant ibodies that are prepared, 
expressed, created or isolated !by recombinant means. such as 
antibodies expressed using a recombinant expression vector 
transfoctcd into a bost cell (described further in Section Il, 
below), antibodies isola1ed from a recombinant, combinato-

10 rial human antibody library (described further in Section Ill , 
below), antibodies isolated from an animal (e.g., a mouse) 
Urnt is Ira nsgenic for human immunoglobulin genes (see e.g., 
Taylor, L. D .. et ;11. (1992)Nuc/. Acids Res. 20:6287-6295) or 
antibodies prepared, expressed, created or isolated by any 

15 other means that involves spl icing of human immunoglobulin 
gene sequences to o ther DNA sequences. Such recombinant 
human antibodies have variab le and constant regions derived 
from hmuan gennline inununoglobulin sequences_ In certain 
embodiments, however, such recombinant human antibodies 

20 are subjected to in vitro mutagencsis (or, when an animal 
transgenic for human Jg sequences is used, in vivo somatic 
mtuageoesis) and thus the anlino acid sequences of the VH 
and VL regions of the recombinant antibodies are sequences 
that, while derived from and related to human gennli.ne VH 

25 and VL sequences. may not naturally exist within the human 
antibody gennline repertoire in vivo. 

An "isolated antibody'', as used herein. is intended to rcfor 
to an antibody that is substantially free of other antibodies 
having difforcnt antigenic specificities (e.g., an isolated anti-

30 body tliat specifically binds hTNFa. is substantia·lly rree of 
antibodies that specifically bind antigens other than bTNFa.). 
An isolated antibody that specifically binds hTNFa. may. 
however. have cross-rcactivi~y to other antigens, such as 
hTNFa. molecules from other species (discussed in further 

35 detail below). Moreover, an isolated antibody may be sub
stantially free of other eellula.r material and/or chemicals. 

A "neutralizing antibody", as used herein (or an "'antibody 

6448: Poljak, R. J.. et al. (1994) Structure 2: 112 1-1123). 40 

that neutralized hTNFa activity"), is intended to refer to an 
antibody whose binding to bTNFa. results in inhibition of the 
biological activity ofhTNFa.. This inhibitionofU1c biological 
activity ofhTNFa. can be assessed by measuring one or more Still further, an antibody or antigen-binding portion thereof 

may be pa11 of a larger immunoadhesion molecules. formed indicators of hTNFa. biological activity, such as hTNFa.
induced cytotoxicity (either in vitro or in vivo) , hTNFa
induced cellular activation and hTNFa binding to hTNFa 
receptors.. These indicators of hTNFa. biological activity can 
be assessed by one or more of several standard in vitro or in 
vivo assays known in the art (see Example 4). Preferably, the 
ability of an antibody to neutralize hTNFa.activity is assessed 
by inhibi'lion of bTNFa.-induced cytotoxicity of L929 cells. 

hy covalent or noncovalent association of the antibody or 
antibody portion with one or more other proteins or peptides. 
Examples of such immunoadhesion molecules include use of 45 
the strcptavidin core region to make a teLrameric scFv mol
ecule (Kipriyanov. S . M., et al. ( 1995) //1111ran Antibodies and 
f-(•1brido111as 6:93-101 ) and use of a cysteincresiduc, a marker 
peptide and a C-terminal polyhistidine tag to make bivalent 
and biotinylated scFv molecules (Kipriyanov. S. M., et al. 
(1994) Mo/. /11111111110!. 31: I 04 7-1058). Antibody portions. 
such as Fab and F(ab'h fragments. can be prepared from 
whole antibodies using conventional techniques, such as 
papa in or pepsin digestion. respectively, of whole antibodies. 
Moreover, antibodies, antibody portions and immunoadhe
sio o molecules can be obtai.ned using standard recombinant 
DNA teclm iques, as described herein. 

50 As an additional or alternative parameter or hTNFa. activity. 
the ability of an antibody to inhibit hTNFa.-induced expres
sion of ELAM-I on HUVEC, as a measure of IJTNFa.-in
duced cellular activation, can be assessed. 

TI1e tenn "surface plasmo11 resonance". as used herein, 
55 refers to an optical phenomenon that allows for the analysis of 

real-time biospecific interactions by detection of a lterat ions 
in protein concentrations wiU1in a biosensor matrix. for 
example using U1e BlAcorc system (Pharmacia Biosensor 
AB. Uppsala, Sweden and Piscataway, NJ.). For further 

The tcnn "human antibody", as used herein. is intended to 
include antibodies having variable and constant regions 
derived from human germline imnnmoglobulin sequences. 
Tiu: human antibodies of the invention may include am.ino 
acid residues not encoded by human gem1linc inununoglo
bulin sequences (e.g., mutations introduced by random or 
site-specific mutagenesis in vitro or by somatic mmation in 
vivo), for example in the CDRs and io particular CDR3. 65 

However, the tenn "human antibody''. as used herein. is not 
innended to include antibodies in which CDR sequences 

60 descriptions, see Example I and JOnsson, U .. e t al. (1993) 
Ann. Biol. C/in. 51: 19-26: Jonsson. U .. ct al. (1991) Biotech
niques 11 :620-627: Johnsson. B .. et al. ( I 995) J. Mol. Rec
og11it. 8: 125-131: and Jolumson, 8., et al. ( 199 I) Anal. Bio-
chem. 198:268-277. 

Tbc term "K0j', as used herein. is intended to refer to the 
off rate constant for dissociation of an antibody from the 
amibody/antigen complex. 
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The tcnn "Kd", as used herein. is intended to refer to the 
dissociarion consta111 o f a particular antibody-antigen inter
action. 

·nie term "nucleic acid molecule", as used herein, is 
inttended to include DNA molecules and RNA molecules. A 
nucleic acid mo lecule may be single-stranded or doublc
stranded, but preferably is double-stranded ONA. 

The term "isolated nucleic acid molecule". as used herein 
in reference to nucleic acids encoding antibodies or antibody 
portions (e.g., Vl-1, VL. CDR3) that bind hT NFa. is intended 
ro refer ro a nucleic acid molecule in which the nucleotide 
sequences encoding the antibody or antibody portion are free 
of other nucleotide sequences encoding alllibodies or anti
body portions that bind antigens other than bTNFo., which 
other sequences may natura lly flank the nucleic acid in 
human genom.ic DNA. Thus, for example, an isolated nucleic 
acid of the invention encoding a VII region ofan anti-hTNFa 
antibody contains no other sequences encoding other VH 
regions that bind antigens other than hTNFa. 

1l1e term "vector", as used herein, is intended to refer to a 
nucleic acid molecule capable oftransporti.ng another nucleic 
acid to wh.ich it has been linked. One type of vector is a 
"plasmid". wh.ich refers to a circular double stranded DNA 
loop into which additional DNA segments may be ligated. 
Another type of vector is a viral vector, wherein additional 
DNA segments may be ligated into the viral genome. Certain 
vectors arc capable of autonomous replica tion in a host cell 
inuo which they are introduced (e.g .. bacterial vectors having 
a bacterial origin of replication and cpisomal mammalian 
vectors). Other vectors (e.g., no n-episomal mammalian vec
tors) can be integrated into the genome of a host cell upo n 
imroduction into the host cell. and thereby are replicated 
along with the host genome. Moreover. certain vectors arc 
capable of directing the expression of genes 10 which they arc 
operatively linked. Such vecto rs are referred to herein as 
"recombinant expression vectors" (or simply. "expression 
vectors"). In general. expression vectors of utility in recom
binant DNA 1echniques are often in the form of pla~mids . .ln 
the present specification, "plasmid" and "vector" may be used 
inucrchangcably as the plasmid is the most commonly used 
form of vector. However. the invention is intended to include 
such other fonns of expression vectors, such as viral vectors 
(e.g .. replication defective retroviruses, adcnovin1scs and 
adeno-associated viruses), which serve equivalent functions. 

10 
D2E7 VL region is shown in SEQ ID NO: l: the amino acid 
sequence-of the 02~7 VH region is shown in SEQ ID NO: 2). 
The properties ofD2E7 have been described in Salfeld et al., 
U.S. Pat. No. 6,090,382, which is incorporated by reforence 
herein. 

ln one aspect. the invention pertains to treating disorders in 
which the administration of <lll anti-1NFo. antibody is ben
eficial. TI1csc treatments include the biweekly. subcutaneous 
administration of D2E7 ant ibodies and antibody portions, 

10 D2E7-related antibodies and antibody portions. and other 
human antibod.ies and antibody portions with equivalent 
properties to D2E7, such as high afftnity binding to hTNFa 
with low dissociation kinet ics and high neutralizing capacity. 
In one embodiment, the invention provides treatment with an 

t5 isolated human ant ibody. or an antigen-binding portion 
thereof, that dissociates from hnman TNFa with a Kd of 
J x10-•Morlessand a K0; ratcconstant ofl x10-3 s-• or less, 
both detennioed by surface plasmon resonance. a1ld neutral
izes human TNFa cytotoxicity in a standard in vitro L929 

20 assay with an IC50 of I xi 0-1 M or less. More preferably. the 
isolated human antibody, or antigen-binding portion thereof. 
dissociates from human TNFa. with a K01of 5xl O-" s-• or 
Jess, o r even more preferably, w11h a K

0
/"0J I x10-4 s-1 or less. 

More preferably, the isolaled human antibody, o r antigen-
25 binding portion thereof, neutralizes human TNFo. cytotoxic

ity in a standard in viiro L929 assaywithanlC50 of lx10-s M 
or less, even more preferably wi1h an IC50 of Ix I 0- 9 Mor less 
and still more preferably with a11 JC'° o f I x i 0-10 Mor less. In 
a preferred embodiment. the antibody is an isolated human 

30 recombinant antibody. or an antigen-binding portion thereof. 
It is well known in the art that antibody heavy and I ight 

chain CDR3 domains play an important role in the binding 
spccifici ty/alfmity of an antibody for an antigen. Accord
ingly. in another aspect, the invention pertains to methods of 

35 treating disorders in which the administration of an anti
TNFo. antibody is beneficial by subcutaneous administration 
of human antibodies that have slow dissociation k.inetics for 
association with hTNFo. and uhat have light and heavy chain 
CDR3 domains that strucmrally are identical to or related to 

.. o those of D2E7. Position 9 of the D2E7 VL CDR3 can be 
occupied by Ala or Thr wi ihout substantially affecting the 
K0ff Accordingly, a consensus motif for the D2E7 VL CDR3 
comprise-;; the amino acid sequence: Q-R-Y-N-R-A-P-Y-(T/ 

1l1e tenn "recombinant host cell" (or simply '11ost cell"). 45 
as used herein. is inlended to refer to a cell into which a 

A)(SEQJO NO: 3).Additionally, position l2oftheD2E7VH 
CDR3 can be occupied by Tyr or Asn, without substantially 
affecting the K0.r Accordingly. a consensus motiJ for the 

recombinant expression vector has been introduced. It should 
be understood that such terms arc intended to refer not only to 
the particular subject cell but to the progeny of such a cell. 
Because certnin modificmions may occur in succeeding gen
erations due to e ither mutation or environmental influences. 
such progeny may not. in fact. be identical to !he parent cell. 
but are still included within the scope oftbe term "host cell" 
as used herein. 

\arious aspects of the invention are described in further 
detail in the following subsections. 
I. Human Ant ibodies that Bind Human TNFo. 

This invention provides methods of treating disorders in 
which the administratjon of an anti-TNFa antibody is ben
eficial. 'lllese methods include the biweekly, subcutaneous 
administration of isolated human antibodies, or antigen-bind
ing portions thereof. that bind to human TNFa with high 
affinity. a low off rate and high neutralizing capacity. Prefer
ably. the human antibodies o f the invention are recombinant, 
neutralizing human anti-bTNFa antibodies. The most pre
fen'ed recombinant, neutralizing antibody of the invention is 
referred to herein as D2E7 (the amino acid sequence of the 

02E7 VH CDR3 comprises the amino acid sequence: V-S-Y
L-S-'I~A-S-S-L-D-(Y /N) (SEQ JD NO: 4). Moreover, as 
demonstrated in Example 2 of U.S. Pat. No. 6,090,382, the 

50 CDR3 domain of the D2E7 heavy and light chains is ame
nable to substitution with a single alanine residue (at position 
I. 4. 5, 7 or 8 with.in the VL CDR3 or itt position 2, 3, 4. 5, 6, 
8, 9, IO o r I I within the VH CDR3) without substantially 
affocting the K

0
.u· Still further, the skilled artisan will appre-

55 ciate that, given the amenability of the D2E7 VL and VII 
CDR3 domains to substitutio ns by a lanine, substituiion of 
01her amino acids within I he CDR3 domains may be possible 
while still retaining tbe low off rate constant of the antibody, 
in particular substitutions with conservative amino acids. A 

60 "conservative amino acid substitution", as used herein. is one 
in wh.ich one am.ino acid residue is replaced with another 
amino acid residue having a similar side chain. Families of 
amino acid residues having similar side chains have been 
defined in 1he art, including basic side chains (e.g .• lysine, 

65 argini11e. histidi11e), acidic side chains (e.g., asp:artic acid, 
glutamic acid). uncharged polar side chains (e.g .. glycine , 
asparagine, glutamine, serine, threoniJle, tyrosine, cyste ine). 
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nonpolar side chains (e.g .. alanine, valine. leucine, isolcu
cine. proline. phenylalanine. methionine, 1ryp1ophan). beta
branched side chains (e.g., threonine. valine. isoleucine) and 
aromatic side chains (e.g .. tyrosine, phenylalanine, tryp
tophan, histidine). Preferably, no more tban one to five con
ser vative amino acid s ubstitut ions arc made within the D2E7 
VL and/or VH CDR> domains. More preferably, no more 
than one to three conservative amino acid substitutions arc 
made with in the 02E7 VL and/or VH CDR3 domains. Addi 
tionally, conservative amino acid substitutions should not be 
made at amino acid positions critical for binding to hTNFa. 
Posi tions 2 and 5 o f the D2E7 VL CDR3 a.nd positions I and 
7 of the D2E7 VH CDR3 appear to be critical for interaction 
wi th hTNFa and thus, conservative amino acid substitutions 
preferably are not made at these positions (although an ala
nine substitu tion at position 5 of the D2E7 VL CDR3 is 
acceptable. as described above) (sec U.S. Pat. No. 6.090,382). 

Accordingly. in another embodiment, the invention pro
vides methods of treating disorders in which the administra
tion of an anti-TNFa antibody is beneficial by the biweekly, 
subcutaneous adminis1rat io11 of an isolated hmnan antibody. 
or antigen-binding portion thereof. The ant ibody or antigen
binding portion theroof preferably conta ins the following 
characte rist ics: 

a) dissociates from human TNFcx with a K0ffrate coostant 
ofl x10-3 s- 1 or less, as detennined by surface plasmon reso
nance: 

b) hros a light chain CDR3 domain comprising the amjno 
acid sequence of SEQ ID NO: 3. or modified from SEQ ID 
NO: 3 by a single ala1tine substitution at position I, 4. 5, 7 o r 
8 or by one to five conservat ive amino acid substitutions at 
posit ions I. 3. 4, 6, 7. 8 and/or 9: 

c) has a heavy chai11 CDR3 domain comprising the amino 
acid sequence of SEQ ID NO: 4. or modified from SEQ ID 
NO : 4 by a single alanine substitution at position 2. 3. 4 , 5. 6. 
8. 9. JO or I J or by one to five conservative amino acid 
substitutions at positions 2. 3. 4. 5. 6, 8. 9. I 0 . J J and/or J 2. 

More preferably, the antibody, or antigen-binding portion 
thereof. dissociates from human TNFa with a K

0
ffof 5xl 0-4 

s-1 or less. Even more preferably. the antibody. or antigcn
binding portion thereof. d issociates from human TNFcx, with 
a K

0
ffof l x I 0- 4 s- 1 or less. 

In yet another embodiment. the inventio n provides meth
ods of treating disorders in which the administrat ion of an 
ant i-TNFa antibody is beneficial by the b iweekly. subcuta
neous administration of an isolated human antibody. or an 
antigen-binding portion thereof ·n1e antibody or antigen
binding port ion thereof preferably contains a light chain vari
able region (LCVR) haviug a CDR3 domain comprising the 
amino acid sequence of SEQ ID NO: 3. or modified from SEQ 
ID NO: 3 by a single alanine substillltion al position I. 4. 5. 7 
or 8, and with a heavy chain variable region (HCVR) having 
a CDR3 domain comprising the amino acid sequence of SEQ 
ID NO: 4. or modified from SEQ ID NO: 4 by a single alanine 
substinuion at position 2. 3. 4. 5. 6. 8. 9. 10 or 11. Preferably, 
tbe LCVR further bas a CDR2 domain comprisiJ1g the anlioo 
acid sequence of SEQ lD NO: 5 (i.e., 1be D2E7 VL CDR2) 
and the HCVR further has a CIJR2 domain comprising the 
amino acid sequence of SEQ JD NO: 6 (i.e .. the D2E7 VH 
CDR2). Even more preferably. the LCVR further has CDR I 
domain comprising the amino acid sequence of SEQ ID NO: 
7 (i.e ., the D2E7 VL CDRI) and the 1-lCVR has a CORI 
domain comprising the amino acid sequence of SEQ ID NO: 
8 (i.e .. the 02E7 VH CDR I). The framework regions for VL 
preferably are from tbe V Kl human gennline family, more 
preferably from the A20 human germline Vk gene and most 
preferably from the D2E7 VL framework sequences shown in 

12 
FIGS. I A and I B ofU.S. Pa t. No. 6,090,382. The framework 
regions for VH preferably are from the V113 human germ line 
family, more preferably from the DP-31 human gennline VH 
gene and most preferably from the D2E7 VH framework 
sequences shown in FIGS. 2A and 2B U.S. Pat. No. 6.090, 
382. 

Jn stiJJ another embodiment, the invention provides meth
ods of treating disorders in which the administration of an 
anii-TNFa antibody is beneficial by the biweekly, subcuta-

10 neous administration of an isolated human antibody, or an 
antigen binding portion thereof. 111e antibody or antigen
bindingportion thereof preferably contains a light chain vari
able region (LCVR) comprising the amino acid sequence of 
SEQ ID NO: I (i.e., thcD2E7VL)anda heavy chain variable 

15 region (HCVR) comprising the amino acid sequence of SEQ 
ID NO: 2 (i.e., the D2E7 Vf-1). In certain embodiments, the 
antibody comprises a heavy chain constant region, such as an 
lgGJ , JgG2. IgG3, lgG4, lgA, lgE. lgM or lgD constant 
region. Preferably, the heavy chajn constant region is an lgG I 

20 heavy chain constant region or an lgG4 heavy chain constant 
region. Funhermore. the antibody can comprise a light chain 
constant region. either a kappa light chain constant region or 
a lambda light chain co11stant region. Preforably, the antibody 
comprises a kappa light clliiin constant region. Alternatively, 

25 the ant ibody portion can be, for example. a Fab fragment ora 
single chain Fv fragmeot. 

In still other embodiments. the invention provides methods 
of treating disorders in which the administration of an anti
TNFa antibody is beneficial by the biweekly. subcutaneous 

30 administration of an isolated human antibody. or an amigen
binding portions thereof. The antibody or antigen-binding 
portion thereof preferably con tains D2E7-related VL and VH 
CDR3 domains. for example. antibodies. or antigen-binding 
portions thereof, with a lighl chain variable region (LCVR) 

35 having a CDR3 domain comprising an amino acid sequence 
selected from the group consisting of SEQ ID NO: 3, SEQ JD 
NO: I J. SEQ ID NO: 12. SEQ lD NO: 13. SEQ JD NO: J 4. 
SEQ 1D NO: 15. SEQ ID NO: 16, SEQ ID NO: 17, SEQ JD 
NO: 18. SEQ ID NO: 19. SEQ ID NO: 20. SEQ ID NO: 2 1, 

.io SEQ ID NO: 22, SEQ ID NO: 23. SEQ ID NO: 24. SEQ ID 
NO: 25 and SEQ JD NO: 26 o r with a heavy chain variable 
n.-gion (HCVR) having a CDR.3 domain comprising an an1ino 
acid sequence selected from the group consist ing of SEQ ID 
NO: 4. SEQ JD NO: 27, SEQ JD NO: 28, SEQ ID NO: 29, 

45 SEQ ID NO: 30. SEQ ID NO: 3 1, SEQ ID NO: 32. SEQ ID 
NO: 33. SEQ ID NO: 34 and SEQ JD NO: 35. 

A.n ant ibody or antibody portion of the invention can be 
derivatized or linked to anot11cr functional molecule (e.g., 
another peptide or protein). Accordingly, the ant ibodies and 

50 antibody portions of the invention arc intended 10 include 
dcrivatized and otherwise modified forms of the human anti
hTNFa antibodies described bcrein. including immunoadhc
sion molecules. For example. an a111ibody or antibody portion 
of the invention can be fi.UJctionally linked (by chemical cou-

55 piing. geJJetic fusion, noncovalcnt association or otherwise) 
to one or more other molecular entit ies, such as another 
antibody (e.g., a bispecific an tibody or a diabody), a detect
able agent. a cytotox ic agent, a pbannaccutical agent, <mdlor 
a protein or peptide that can mediate associate of the antibody 

60 or antibody portion with another molecule (such as a strepta
vidin core region or a polybistidine tag). 

One ty pe of derivatized antibody is produced by cross link
ing two o r more antibodies (of the same type or of different 
types. e.g., to create bispecific antibodies). Suitable 

65 crosslinkers include those that are betc robifooct ional, !Javing 
two disti11ctly reactive groups separated by an appropriate 
spacer (e.g .. m-maleimidobenzoyl-N-hydroxysuccinimide 
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ester) or homobifunclional (e.g., disucciaimidyl subcratc). 
Such linkers are available from Pierce Chemical Company. 
Rockford. Ill. 

Useful detectable agents with which an antibody or anti 
body portion of the invention may be derivatized include 
fluorescent compounds. Exemplary fluorescent detectable 
agents include fluorescein. fluorescein isothiocyaoate. 
rhodamine. 5-dimcthylamine-1-napthalenesulfonyl chloride. 
phycoerythrin and the like. An antibody !llay also be deriva
tized with detectable enzymes, such as alkaline phosphatase, 
horseradish peroxidase, glucose oxidase a.nd the like. Whe n 
an antibody is derivat ized with a detectable enzyme, it is 
detected by adding, additional reagents that the enzyme uses 
to produce a detectable reaction product. For example, when 
the detectable agent horserad ish peroxidase is present, the 
addition of hydrogen peroxide and diaminobenzidine leads to 
a colored reaction product, which is detectable. An antibody 
may also be derivatiz.ed with biotin. and detected through 
indirect measurement of avid in or streptavidin binding. 
11. Expression of Antibodies 

14 
sequences can be designed based on the nucleotide sequences 
disclosed in the references cited supra. using standard mctl1-
ods. 

Once the germline VH and VL fragments are obtained. 
these sequences can be mutated to encode the D2E7 o r D2E7-
related amino acid sequences disclosed herein. The amino 
acid sequences encoded by the gennline VH and VL DNA 
sequences are first compared to the D2E7 or D2E7-rclated 
VH and VL amino acid seq1Uences to identi fy amino acid 

10 residues in tl1e D2E7 or D2E7-related sequence that differ 
from germ line. TI1en, the appropriate nucleot ides of the ger
m line DNA sequences are mutated such that the mutated 
germ line sequence encodes the D2E7 or D2E7-related amino 
acid sequence. using the genetic code to determine which 

ts nucleotide changes should be made. Mutagenesis of the ger
mline sequences is carried oul by standard methods, such as 
PCR-mcdiatcd mutagcncsis (in which the mutated nucle
otides are incorporated into the PCR primers such tbat tbe 
PCR product contains the mutations) or site-directed 

20 mutagenesis. 
Once DNA fragments encoding D2E7 or D2E7-related VH 

aud VL segments are obtained (by amplification and 
mutagenesis of germline VI-I and VL genes, as described 
above), these DNA fragments can be further m;mipulated by 
standard recombinalll DNA techniques, for example ro con
vert the variable region genes to foll-length antibody chain 
genes. lo Fab fragment genes or to a scFv gene. In these 
manipulations. a VL- or VH-encoding DNA fragment is 
operatively linked to another DNA fragment encoding 

Ao alllibody. o r ru11ibody porrion. of the invelllion can be 
prepared by recombinant exprcssionofimruunoglobulin light 
and heavy chain genes i11 a host cell. To express an antibody 
recombioantly, a host cell is transfected w ith one or more 
recombinant expression vectors carrying DNA fragments 25 

encoding the imruunoglobulin ligbt and heavy chains of the 
antibody such that the l ight and heavy chains arc expressed in 
the host cell and. preferably. secreted into the meditm1 in 
which the host cells arc cultured. from which medium the 
ant ibodies can be recovered. Standard recombinant DNA 
methodologies are used to obta in ant ibody heavy and light 
chain genes. incorporate these genes into recombinant 
expression vectors and introduce the vectors into host cells. 
such as those described in Sambrook. Fri'lsch and Maniatis 
(eds), Molecular Cloning; A Laboratory Manual, Second 35 
Edition. Cold Spring 1-Jarbor, N.Y.. (J 989). Ausubel. F. M. et 

JO another protein, such as an antibody constant region or a 
flexible linker. The term "operatively linked". as uscxl in this 
context. is intended to mean that the two DNA fragmellls are 
joined such tba1 the amino acid sequences encoded by the two 
DNA fragments remain in-frame. 

'll1e isolated DNA encod ing the VH region can be con-
vened to a full-length heavy cbain gene by operatively linking 
the VII-encoding DNA to another DNA molecule encoding 
heavy chain constant regions (CHI. CH2 and CH3). The 
sequences of human heavy chain constant region genes are 

al. (eds.) Curre/I/ Protocols in Molecular Biology. Greene 
Publ ishing Associates, (I 989) and in U.S. Pat. No. 4,816,397 
by Boss et al. 

To express D2E7 or a D2E7-rclatcd antibody. DNA frag
ments encoding the ligln and heavy chain variable regions are 
first obtained. These DNAs can be obtained by amplification 
and modification of germline light and heavy chain variable 
sequences using the polymerase chain reaction (PCR). Ger
mline DNA sequences. for human hea'y a11d light chain v-.iri
ablc region genes arc known in the art (see e.g .. the "Vbasc" 
human genn line sequence database; see also Kabat, E. A., et 
al. (1991) Sequences o_(Proteins of /1111111111ological Interest. 
Fifth Edition. U.S. Department of Ileallb and Human Ser
vices. Nl!l Publication No. 9 1-3242: Tomlinson. I. M .. et al. 
(1992) "The Repertoire of Human Germ line V,, Sequences 
Reveals about Fifty Groups ofV11 Segments wi th Different 
Hypervariable Loops" J. Mo/. Biol. 227:776-798: and Cox, J. 

40 known in the art (sec e.g., Kabat. E. A .. ct al. (1991) 
Sequences of Proteins of fmmunologica/ l11terest, Fifth Edi
tion, U.S. Department of Healtb and Human Services, NlH 
Publication No. 9 1-3242) and DNA fragments encompassing 
these regions crui be obtained tiJy standard PCR amplification. 

45 The heavy chain constant region can be an lgG I. IgG2. lgG3, 
lgG4, lgA. lgE. lgM or lgD constant region. bul most pref
erably is an lgG I or IgG4 constant region. For a Fab fragment 
heavy cbain gene, the VI-I-encoding DNA can be operatively 
linked to auotber DNA molecule encoding only the hea~y 

50 chain Cll I consta nt region. 
The isolated DNA encoding the VL region can be con

verted to a foll-length light cbain gene (as well as a Fab light 
chain gene) by operatively linking the Vl-encoding DNA to 
another DNA molecule encoding the light chain constant 

55 region, CL. Tue sequences of human light chain constant 
regioo genes are known in the art (see e .g .. Kabat. E. A., el al. 
(1991) Sequences of Proteins of l111111unological Interest, 
Fifth Edition, U.S. Department of Hcaltb and [luman Ser
vices, NIH Publication No. 91 -3242) and DNA fragments 

P. L. et a l. (1994) ''A Directory of Human Germ-line Y7 8 

Segments Reveals a Strong Bias in their Usage" Eur. J. 111111111-

nol. 24:827-836: tbe contents of each of wl1icb a re expressly 
incorporated berein by reference). To obtain a DNA fragment 
encoding the heavy chain variable region of D2E7, or a 
D2E7-related antibody. a member of the V 113 family of 
Im.man germline VH genes is amplified by standard PCR. 
Most preferably. the DP-31 VH germline sequence is ampl i
fied. To obtain a DNA fragment encoding the light chain 
variable regionofD2E7. ora D2E7-relatedantibody, a mem
beroftl1e V Kl family of human germline VL genes is ampli
fied by standard PCR. Most preferably, thcA20 VL gennline 65 

sequence is amplified. PCR pri mers suitable foruse in ampli
fying the DP-31 germline VH and A.20 gennline VL 

60 encompassing these regions can be obtained by standard PCR 
amplification. The light chain constant region can be a kappa 
or lambda constalll region. but most preferably is a kappa 
constant region. 

To create a scFv gene, the VH- and VL-encoding DNA 
fragments are operatively l inked to another fragmem encod
ing a flexible linker. e.g .. encoding lhe amino acid sequence 
(Gly4 -Ser),, such that the VH and VL sequences can be 
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expressed as a contiguous single-chain protein. with the VL 
and YH regions joined by the flexible linker (see e.g., Bird et 
al. (1988) Science 242:423-426; Huston et al. ( 1988) Proc. 
Natl. A cad. Sci. USA 85:5879-5883; McCafferty et al.. Nature 
(I 990) 348:552-554). 

16 
ln addition to the antibody chain genes and regulatory 

sequences, the recombinant expression vectors of ihe inven
tion may carry additional sequences. such as sequences that 
regulate replication of the vector in host cells (e.g., origins of 
replication) and selectable marker genes. The selectable 
marker gene facilira1cs sclecrion of host cells into which the 
vector has been introduced (see e.g., U .S. Pat. Nos. 4.399, 
216. 4,634,665 and 5.179,0 l 7. all by Axel et al.). For 

lo express the ant ibodies, or antibody portions of the 
invention. DNAs encoding part ial or fi.tl'l-length ligh t and 
heavy chains, obtained as described above, are inserted into 
ex·prcssion vectors such that the genes are operatively linked 
to transcriptional and translational control sequences. la this 10 

context, the term "operatively linked" is intended to mean 1ha1 

example, typically the selectable marker gene confors resis
tance to drugs. such as G418, hygromycin or methotrexate. on 
a host cell into which the vector has been introduced. Pre-
rerred selectable marker genes include the dihydrofolate 
reductase (DHFR) gene (for use in db.fr- host cells with 
mcthotrexatc selection/amplification) and the neo gene (for 
G4 I 8 selection). 

an antibody gene is ligated into a vector such that transcrip
tional and translatiooal control sequences witltio tbe vector 
serve their in tended function of regulating the transcription 15 
and translation of the antibody gene. The expression vt.-ctor For expression of the light and heavy chains. the expression 

vector(s) encoding the heavy and light chains is transfoctcd 
into a host cell by standard techniques. ·111e various forms of 
the term "transfection" are intended to encompass a wide 

amlexpressiu111.;u11trul St:Xjll<::111.;es ared1us<:11 lu bc1.;u111patible 
wi th the expression host cell used. ll1e antibody light chain 
gene and the antibody heavy chain gene can be inserted into 
separate vector or, more typically, both genes are inserted into 
tile same expression vector. The antibody genes are inserted 
into the expression vector by standard methods (e.g .. ligation 
of complementary restriction sites on the an ii body gene frag
ment and vector. or bl uni end ligation if no restriction sites are 
present). Prior to insenion oftbe D2E7 or D2E7-related light 
or heavy chain sequences, the expression vector may already 
Carl)' antibody constant region sequences. For example, one 
approach to converting the D2E7 or D2E7-related VI-I and VL 
sequences lo full-length antibody genes is 10 insert them into 
expression vectors already encoding heavy chain constant 
and light chain constant regions. respectively, such that the 
YH segment is operatively linked to the CH segment(s) 
wi.thin the vecior and the VL segment is operatively linked to 
the CL segment within the vector. Additionally or altema-
1ively. the recombinalll expression vector can encode a signal 
peptide that facilitates secretion of the anti body chain from a 
host cell. The antibody chain gene can be clout-cl i1110 the 
vector such that the signal peptide is linked in-frame to the 
amino tennimts of the antibody chain gene. The signal pep
tide can be an immunoglobuliu signal peptide or a hcterolo
gotL~ signal peptide (i.e., a signal peptide from a non-immu
noglobulin protein). 

In addition to the antibody chain genes:, the recombinant 
expression vectors of the invention carry regulatory 
sequences that control the expression of t11e antibody chain 
genes in a hos! cell. The term "regulatory sequence" is 
inttended 10 includes promoters, enhancers and other expres
sion control elements (e.g .. polyadenylation signals) that con
trol the mmscription or translation of the antibody chain 
genes. Such rt-gu lntory sequences aredeseribed. forexrunple, 
in Goedde!; Gene Expression Technology: Methods in Enzy-
1110/ogy 185.Aeademic Press, San Diego. Calif. ( 1990). l t will 
be appreciated by those skilled in the art that the design of the 
expression vector. i11cluding the selection of regulatory 
sequences may depend on such factors as. the choice of the 
host cell to be transformed, the level of expression of protein 
desired. etc. Preferred regulatory sequences for mammalian 
host cell expression include viral elements that direct high 
levels of protein expression in mammalian cells. such as 
promoters and/or enhancers derived from cytomegalovims 
(Ct-.1V) (such as the CMY promoter/enhancer). Simian Vims 
40 (SY40) (such as the SV40 promoter/enhancer), adenovi
rus. (e.g .. the adenovirus major late promo1er (AdMLP)) and 
polyoma. For further description of viral regulatory elements, 
and sequences thereof. see e.g .. U .S. Pat. No. 5.168,062 by 
Stinski. 'U.S. Pat. No. 4,510.245 by Bell e t al. and U.S. Pm. 
No. 4,968,615 by Schaffner et al. 

20 variety of techniques commonly used for the introduction of 
exogenous DNA into a prokaryotic or eukaryotic host cell. 
e.g., electroporation. calcium-phosphate prec1p11ation, 
DEAE-dextran transfection and the like. Although it is theo
retically possible to express the antibodies of the invent ion in 

25 either prokaryotic or eukaryotic host cells, expression of anti
bodies in eukaryotic cells. and most preferably mammalian 
hos! cells. is the most prcforrcd because such cukaryotic cells. 
and in particular mammalian cells. are more likely than 
prokaryo·tic cells to assemble and secrete a properly folded 

30 and immunologica lly active antibody. Prokaryotic expression 
of antibody genes has been reported to be iaeITecrive for 
production of high yields of active antibody (Boss, M.A. and 
Wood. C.R. (1985) !111111uriology Today 6:12-13). 

Preferred mammalian host cells for expressing the rccom-
35 binant antibodies of the invention include Chinese Hamster 

Ovary (Cl-JO cells) (including dhfr- Cl-JO cells. described in 
Urlaub and Chasin, (1980) Proc. Natl. Acad. Sci. USA 
77:4216-4220. used with a DHFR selectable marker, e.g .. as 
described in R. J. Kaufman and P.A. Sharp ( 1982) Mo/. Biol. 

.. o 159:601-621), NSO myelorna cells. COS cells and SP2 cells. 
When recombinant expression vectors encoding antibody 
genes are introduced into mammalian host cells. the antibod
ies arc produced by culturing the host cells for a period of time 
sufficient to allow for expression of the antibody in the host 

45 cells or, more preferably. secretion of the antibody into the 
cultwe mediwn in which the host cells arc grown. Antibodies 
can be recovered from the culture medium using standard 
protein purification methods. 

Host cells can also be used to produce portions of intact 
50 antibodies, such vs Fab fragments or scFv molecules. It will 

be understood that variations on the above procedure are 
within the scope of the prcsenL invention. For example. it may 
be desirable ro trans feel a host cell with DNA encoding either 
the ligl1t chain or the heavy chain (but not both) of an antibody 

55 of this invention. Recombinant DNA technology may also be 
used 10 remove some or all of the DNA encoding either or 
both of the light and heavy chains that is not nt.-eessary for 
binding to hTNFa. The molecules expressed from such tnm
cated DNA molecules are also encompassed by the antibodies 

60 of the invention. In addition, bi'fi.mctional antibodies may be 
produced in which one heavy and one light chain are an 
antibody of the invention and the other heavy and light chain 
are specific for an antigen other than hTNFa by crosslinking 
an antibody of the invention to a second antibody by standard 

65 chemical crosslinking metl1ocis. 
In a preferred system for recombinant expression of an 

amibody, oraniigeo-bindingport ion thereof, of the invention, 
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a recombinant expression vector encoding both the antibody 
heavy chain and the amibody light chain is introduceu into 
dhfr-CHO cells by calcium phosphate-mediated transfection. 
Within the recombinant expression vector, the antibody 
heavy aod light chain genes are each operatively linked to 
CMV cnhanccr/AdMLP promoter regula tory clements to 
drive high levels of transcription of the genes. The recombi
nant expression v<..'CtOr a lso carries a DHFR gene. which 
allows for selection of CHO cells that have been tninsfected 
with tl1e vector using rnethotrexate selection/amplification. 10 

The selected transforma11t host cells are culture to a llow for 
expression of the antibody heavy and light chains and intact 
ant ibody is recovered from the culture medium. Standard 
molecular biology tecbniqucs arc used to prepare the recom
binant expression vec1or, transfect the host cells, select for is 
rransfomiants, culture the host cells and recover the antibody 
from the culture medium. 
Ill. Selection of Recombinant Human Antibodies 

Recombinant human antibodies of the i11vention in addi
tion to D2E7 o r an antigen binding portion thereof, or D2E7- 20 

related antibodies disclosed herein can be isolated by screen
ing of a recombinant combinatorial antibody library, 
preferably a scFv phage display library, prepared using 
hwrmm VL <1nd VH cDNAs prepared from mRNA derived 
from human lymphocytes. Methodologies for preparing irnd 25 
scr eening such libraries are known in the art. In addition to 
commercially available kits for generating phage display 
libraries (e.g .. the Pharmacia Reco111bi11ant Phage Antibody 
System. cat<Jlog no. 27-9400-01; and the Stratagene Sur
flAPTM phage display kit. catalog no. 240612). examples of 30 

methods and reagents particularly amenable for use in gen
erating and screening antibody display libraries can be found 
in. for example, Ladner ct al. U.S. Pat. No. 5.223.409; Kang 
ct a l. PCT Publication No. WO 92/18619: Dower et al. PCT 
l'ublication No. WO 91117271: Winter et al. PCT Publication 35 

No. WO 92120791: Markland ct al. PCT Publication No. WO 
92115679; Breitling ct al. PCT Publ ication No. WO 
93/01288; McCaffeny et al. PCT Publ ication No. WO 
9210 1047; Garrard et al. PCT Publication No. WO 92109690: 

18 
pair combinations. Additionally. to further improve the affin
ity and/or lower the ofT rate constant for hTNFa binding, the 
VL and VH segments of tl1e preferred VUVH pair(s) can be 
randomly mutated. preferably within the CDR3 region ofVH 
and/or VL. in a process analogous to the in vivo somatic 
mutation process responsible for affinity maturation of anti
bodies during a natural immuJJe response. This in vitro a1fm
ity maturation can be accomplished by amplifyiDg VII and 
VL regions using PCR primers complimentary to 1he VH 
CDR3 or VL CDR3, respectively, which primers have been 
"spiked" with a random mixrure of the four nucleotide bases 
at certain positions such that the resu ltant PCR products 
encode VH and VL segments into which random mutations 
have been introduced into the VII and/or VL CDR3 regions. 
These randomly mutated VJ-I and VL segmen1s can be 
rescreened for binding to hTNFa and sequences that exhibit 
high ailinity and a low off rate for bTNFa binding can be 
selected. 

Following screening and isolation of ao anti -hTNFa ami
body of the invention from a recombinant inununoglobulin 
display library. nucleic acid encocling the selected amibody 
can be recovered from the display package (e.g., from the 
phage ge.nome) aud subcloned into other express ion vectors 
by standard recombinant DNA techniques. If desired. the 
nucleic acid can be further manipulated to create other anti
body fonns of the invention (e.g .. l inked to nucleic acid 
encoding. additional imruunoglobulin domains, such as addi
tional constant regions). To express a recombinant human 
antibody isolated by screening of a combinatorial l ibrary. the 
DNA encoding the antibody is c loned into a recombinant 
expression vector and introduced into a mammalian host 
cells. as described in further detail in Section II above. 
IV. Pham1accutical Compositions and Pharmaceutical 
Administration 

'Jl1e antibodies and antibody-portions of the invention can 
be incorporated into pharmaceutical compositioas suitable 
for administration 10 a subject for the metl1ods described 
herein, e.g., biweekly .. subcutaneous dosing. Typically. the 
phannaceutical composition comprises ai.1 amibody (or anti-

Fuchs et al. (1991) Bio/Technology 9:1370-1372; Hay et al. 
( 1992) ll11111Amibod llybridomas3:81-85; Huse et al. (1989) 
Science 246:1275-1281; McCafforty et a l., Nature (1990) 
348:552-554: Griffiths ct al. (1993) EM/JO J 12:725-734: 
Hawkins et al. ( 1992)JMo/ Bio/226:889-896; Clacksonetal. 
(1991) Nature 352:624-628; Gram et al. (1992) PNAS 
89:3576-3580; Garrard et al. (1991) Bio/'fechnology 9: I 373-
1377; Hoogenboom et al. (1991) Nuc Ac id Res 19:4 133-
4137; and Barbas ct al. (1991) PNAS 88:7978-7982. 

40 body poniou) of the invention and/or methotrexatc and a 
phannaceutically acceptable carrier. As used herein, "phar
maceutically acceptable carrier" includes any and all sol
vents, dispersion rncdia, coatings, antibacterial and antifi.tn
gal agents, isotonic and absorption delaying agen1s, and the 

In a preferred embodiment, to isolate lmman antibodies 
wi th high Dffinity and a low off n1te constant for hTNFu. n 
nrnrine anti-hTNFa antibody having high affinity and a low 
off rate constant for hTNFa (e.g., MAK 195. the hybridoma 
for which has deposit number ECACC 87 05080.l ) is first 
used to select human l1eavy and light chain sequences having 
similar binding activily toward hTNFa. using the epitope 
imprinting methods described in Hoogenboom et al.. PCT 
Publ ication No. W093/06213. The antibody libraries used in 
this method arc preferably scFv libraries prepared and 
screened as described in McCafTerty et al.. PCT Publication 
No. WO 92101047. McCafferty et al.. Nature ( 1990) 348:552-
554; and Griffiths et al., (l 993) EMBO J. J 2:725-734. The 
scFv antibody libraries preferably are screened using recom
binant human TNFa as the antigen. 

Once in itial human VL and VH segments are selected. 
"mix and match"" experiments. in which different pairs of the 
ini tially selected VL and VI-I segments are screened for 
hTNFa binding, are perfonued 10 select preferred VLNH 

45 like 1ha1 are physiologically compatible and are suitable for 
adm.inistrarion to a subject foi- the methods described herein. 
Examples of pharmaceutically acceptable carriers include 
one or more of water, saline, phosphate buffered saline. dex
trose, glycerol. ethanol and the like, as well as combinat ious 

50 thereof. In many cases. it wil I be preferable to include isotonic 
agents, for example, sugars. polyalcohols such as mannitol. 
sorbitol, or sodium chloride in the composition. Phannaceu
tically acceptable carriers may further comprjse minor 
amoums of auxiliary substances such as wening or emulsify-

55 ing agents, preservatives or buffers, which enhance the shelf 
life o r effectiveness of the antibody or amibody ponioo. 

The composit ions of this invention may be in a variety of 
forms. These include. for ex.ample. liquid, semi-solid and 
solid dosage forms, such as liquid solutions (e.g., injectable 

60 and infusible solmions). dispersions or suspensions. tablets, 
pills. powders. liposomes and suppositories. The preferred 
form depends on the intended mode of administration and 
tl1erapeuticapplication. Typical preferred compositions are in 
tl1e form of injectable or infusible solutions. such as compo-

65 sitions similar to those used for pass ive immunization of 
hnmans with other antibodies. The pre lerred mode of admin
istration is parenteral (e.g., in!ravenous, subcutaneous, intra-
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peritoneal. intramuscular). In a preferred embodiment, the 
antibody is administered by intravenous i1tfusio11 or injection. 
Jn another preferred embodiment, the antibody is adminis
tered by intramuscular injection. In a particularly preferred 
embodiment. t.be antibody is administered by subctnaueous 
injection (e.g .. a biweekly. subcutaneous injection). 

Therapeutic composiiions typica!Jy must be sterile and 
sta ble under the condi1ions of manufacture and storage. The 
composiiion can be formulated as a solutio n, microemulsion, 
dispersion. liposome, or other ordered strncture suitable to 10 

high drug concentration. Sterile injectable solutions can be 
prepared by incorporating the active compound (i.e .. anti 
body or antibody ponion) in the required amount in an ~1ppro
priate solvent with one or a combination of ingredients enu
merated above, as required. followed by fil tered sterili zation. 15 

Generally, dispersions are prepared by incorporating the 
ac~ive compound into a sterile vehicle that contains a basic 
dispersion medium and the required other ingredients from 
those enumerated above. Jn the case of ste rile powders for the 
preparation of sterile injectable solutions. the preferred meth- 20 

od!s of preparation are vacuum drying and freeze-drying that 
yie lds a powder of the active ingredient plus any add itional 
desired ingredient from a previously sterile-filtered solution 
thereof. -111e proper fluidity ofa solution can be maintained, 

20 
lllinistcrcd with metbotrcxatc, one or more addit ional rulli
bodies that bind other targets (e.g .. antibodies that bind other 
cytokines or that bind cell surface molecules). o ne or more 
cytokines, soluble TNFa receptor (see e.g .. PCT Publication 
No. WO 94/06476) ancl/or one or more chemical agents that 
inhibit hTNFa production or activity (such as cyclohexanc
ylidene derivatives as described in PCT Publica tion No. WO 
93/19751). Furthermore. one or more antibodies oft he inven-
tion may be used in combination w ith two or more of the 
foregoing therapeutic agents. Such combination therapies 
may advantageously utilize 1-ower dosages of the adminis-
tered U1erapeutic agents. thus avoiding possible toxicities or 
complications associated witl1 the various mouotherapies. 
The use of the antibodies, or antibody portions, of the invcu
tion in combination with other therapeutic agents is discussed 
further in subsection IV. 

Non-limiting examples of nhcrapeutic agents for rheuma-
toid arthritis with which an antibody, or antibody portion. of 
the invention can be combined include the following: non
steroidal anti-inflammatory drug(s) (NSAIDs): cytokine sup
pressive anti-inflammatory clrttg(s) (CSAJDs): CDP-571/ 
BAY-10-3356 (humanized anti-TNFa antibody: Celltech/ 
Bayer): cA2 (chimeric anti-TNFa amibody: Ceu.tocor): 75 
kdTNFR-lgG (75 kD TNF receptor-lgG fusion protein; 
lmmunex: see e.g., Arthritis & Rhe11111a1ism (1994) Vol. 37, 
S295; J. lnvest. Med. (1996) Vol. 44. 235A): 55 kdT NFR-JgG 
(55 kD TNF rcccptor-lgG fusion protein; HofTmann
LaRoche ): IDEC-CE9.J/SB 210396 (non-depleting prima
tized anti.-CD4 antibody: IDEC/SlllithKJinc: sec e.g .. Arthri-

for example, by the use of a coating such as lecithin. by the 25 

maintenance of the required particle size in the case of dis
persion and by the use of surfactants. Prolonged absorption of 
injectable compositions can be brought about by including in 
the composition an agent that delays absorption. for example. 
monosteara te salts and gelatin. 30 !is & Rheumatism (1995) Vol. 38, 185): DAB 486-lL-2 and/or 

DAB 389-IL-2 (IL-2 fusion proteins; Seragen; see e.g., 
Arlhritis & Rhe11111atis111 ( 1993) Vol. 36. 1223); Anti-Tac (lm
mauized ru1ti-IL-2Ra; Protein Design Labs/Roche): IL-4 

The amibodies and antibody-portions of the present inven
tio n can be administered by a variety of methods known in the 
art, alt.bough for many therapeutic applicat ions, the preferred 
route/mode of adlllinistration is subcutaneous injection. As 
wi II be appreciated by the ski lied anisan. the route and/or 35 

mode of administratiou will vary depending upon the desired 
results. la certain embodiments. the active compound may be 
prepared with a carrier that will protect the compound against 
rapid release, such as a controlled release formulation. 
including implants, transdermal patches, and m.icrocncapsu- .io 
laled delivery systems. Biodegradable, biocompatible poly
mers can be used. such as ethylene vinyl acetate, polyethylene 
glycol (PEG). polyanbydridcs. polyglycolic acid, collagen. 
polyorthoesters, and polylactic acid. Many methods for the 
preparation of such formulations are patented or generally 45 

known to those skilled in the art . See. e.g .. S11s1ained and 
Co111rolled l?elease Drug Delivery Systems, J. R. Robinson. 
ed., Marcel Dekker. Inc .. New York, 1978. 

In certa in embodiments. an anti body or antibody portion of 
the invention may be Or<l lly administered, for ex;;imple, with 50 

an inc11 diluent or ru1 assimi lable edible carrier. The com
po und (and other ingredients. if desired) may a lso be enclosed 
in a hard or soft shell gelatin capsule, compressed into tablets, 
or incorporated directly imo the su~jcct's diet. For oral thera
peutic administration. the compounds may be incorporated 55 
with excipients and used in the fom1 of ingestible tablets. 
buccal tablets, troches. capsules. elixir>, suspensio ns, syrups, 
wafers. and the like. To administer a compound of the iuveLJ
tio n by other than parenteral administration, it may be neces
sary to coat the compound with. or co-ad.minister the com- 60 
pound with. a material to prevent its inactivation. 

Supplementary active compounds can also be incorporated 
inno the compositions .. In certain embodiments, an antibody 
or antibody ponion o f the inventio n is coformulated with 
and' or coadllliuistered with one or more additional tberapeu- 65 

tic agents. Por exrunple. an anti-hTNFa ant ibody or antibody 
po nion of the invention may be cofomlll lated ancl/or coad-

(ami-inllall1lllatory cytokine: DNAX/Schcring): JL-10 (SCH 
52000; recombinant IL- 10, anti-inflammatory cytokine: 
DNAX/Schering): IL-4: IL-10 and/or IL-4 agonists (e.g .. 
agonist antibodies); IL-1 RA ( lL-1 receptor antagonist: Syn
ergenf Amgen): TNF-bp/s-TNFR (soluble TNF binding pro
tein: see e .g., Arlhritis & Rhe11111a1is111 ( 1996) Vol. 39. No. 9 
(supplement), 5284; Amer. J. Physiol.- Heart and Circula
tory Physiology (1995) Vol. 268. pp. 37-42); R97340 I (phos-
phodiesterase Type IV inhibittor; see e .g .. Arthritis & Rhe11-
111a1is 111 ( 1996) Vol. 39 No. 9 (supplement). S282); MK-966 
(COX-2 Inhibitor; see e.g., Arthritis & Rhe1111mtis111 (I 996) 
Vo l. 39, No. 9 (supplement). SS! ): lloprost (see e.g .. Ar1hritis 
& Rhe11111a1ism (1996) Vol. 39, No. 9 (supplement). S82); 
methotrexate; thalidomide (see e .g .. Ar1hritis & Rhe11111a1ism 
(J 996) Vol. 39. No. 9 (supplement). S282) and thalidolllide
rclated drngs (e.g., Celgen): lellunomide (ami-infl.ammatory 
and cytokine i11hibitor; see e.g .. Arthrilis & Rhe11111a1ism 
(1996) Vol. 39, No. 9 (supplement). S l3 1; lnjlam111a1ion 
Researclr (1996) Vol. 45, pp. 103-107); tra11examic acid (in
hibitor of plasminogen activation: see e.g .. ArthrWs & l?he11-
111a1is111 ( 1996) Vol. 39. No. 9 (supplement). S284); T-614 
(cytokine inhibitor: see e.g., Arthritis & Rheumatism (I 996) 
Vol. 39, No. 9 (supplement), S282); prostaglandi.n EJ (see 
e.g .. Arthritis & Rhe11111a1ism (1996) Vol. 39. No. 9 (supple
ment), S282); Tenidap (non-steroidal anti-iuflanunatory 
dmg: see e.g .. Arthritis & Rheumatism ( 1996) Vol. 39, No. 9 
(supplement). S280): Naproxen (non-steroidal anti-inflam
matory drug; see e .g .. Neuro Report (1996) Vol. 7. pp. 1209-
1213): Meloxicarn (non-steroidal anti-inflanunatory dntg); 
Ibuprofen (non-steroidal anti-inflammatory drng): Piroxicam 
(non-steroidal anti-inflammatory dn1g); Diclofenac (non-ste
roida l rulli -iuilaJlJJllatory drng); lndometbacin (non-steroidal 
anti-inflammatory dmg): Sul fasalazine (see e.g .. Arl/1ritis & 
Rhe11malism (1996) Vol. 39, No. 9 (supplement), S28 I );Aza-
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thioprine (see e.g .. Arthritis & Rheumatism (1996) Vol. 39. 
No. 9 (supplement). S28 l ): ICE inhibito r (inhibitor of the 
enzyme interleukin- I f3 convert ing enzyme); 7.ap-70 and/or 
lck inhibitor ( inhibitor of the tyrosine kinase zap-70 or lck); 
VEGF inhibitor and/or VEGF-R inhibitor (inhibito rs of vas
cuJar endothelial cell growtl1 factor or vascular endothelial 
cell growth factor receptor: inhibitors of angiogenesis); cor
ticosteroid anti-inflammatory drngs (e.g .. SB203580); TNF
convenase inhibitors; anti-IL-12 a111ibodies; interleukin- I I 
(see e.g., Arthritis & Rhe11111atis111 ( 1996) Vol. 39, No. 9 
(supplement), S296); interleukin-13 (see e.g., Arthritis & 
Rheumatism ( J 996)\'o l. 39. No. 9 (supplement).5308): inter
leukin-17 inhibitors (see e.g .. Arthritis& Rheumatism (1996) 
Vol. 39, No. 9 (supplement), Sl20); gold; pcnicillamine; 
chloroquine; hydroxychloroquine; chlorambucil: cyclophos
phamide; cyclosporine; total lymphoid irradiation: anti-thy
mocytc globulin: anti-CD4 antibodies: CDS-toxins: orally
administered peptides and co llagen: lobenzarit disodium; 
Cytokine Regulating Agents (CRAs) HP228 and HP466 
(Houghten Pharmaceuticals. Inc.): ICAM- 1 antisense phos
pb.ororhioate oligodeoxynucleotides (ISIS 2302: Isis Phar
maceuticals, Inc.); soluble complement receptor l (TPI 0: T 
Cell Sciences. Inc.): prednisoue: orgoteiu; glycosamiuogly
can polysulphate: minocycline; anti- IL2R antibodies; marine 
aud botanical lipids (fish aud plant seed fatty ac.ids; sec e.g., 
DeLuca et al. (1995) Rheum. Dis. Clin. North Am. 21 :759-
777); auranofin: phcnylbutazonc: mcclofonamic acid; flufc
namic acid: intravenous immune globulin; zileuton: myco
phenolic acid (RS-61443): tacrolimus (FK-506): sirolimus 
(rapamycin): amiprilose (therafecrin): cladribine (2-chloro
dooxyadenosine); aud a1.aribine. 

Non-limiting examples of therapeutic agents for inflam
matory bowel disease with which an antibody. or antibody 
portion. of the inveutioncan bccombiued include the follow
ing: budenoside; epidermal growth factor: cort icosteroids: 
cydosporin. sulfasalazine: aminosalicylatcs: 6-mercaptopu
rine; azathioprine: mctronidazole: lipoxygcnase inhibitors: 
mesa la mine; olsalazine; balsalazide; ant ioxidants; throm
boxanc inhibitors: lL-1 receptor antagouists; anti-IL-!~ 
monoclonal antibodies; anti-IL-6 monoclonal antibodies: 
growth factors; elastase inhibitors: pyridinyl-imidazole co111-
pow1ds; CDP-57 1/BAY-I 0-3356 (humanized anti-TNFa 
antibody: Celltcch/Bayer): cA2 (chimeric anti-TNFa anti
body; Centocor): 75 kdTNFR-lgG (75 kD TNF receptor-JgG 
fus ion protein; ltnmunex: see e.g., Arthritis & Rhe11111alism 
(1994) Vol. 37, S295; J. Jnvest. Med. (1996) Vol. 44. 235A): 
55 kdTNFR-lgG (55 kl) TNF receptor- lgG fusion protein; 
1-:loffinaan-LaRoche): interleukin-JO (SCI-I 52000: Scherins 
Plough); IL-4: IL- lOaud/or IL-4 agouists (e.g .. agonist anti
bodies): interleukin-I il: glucuronide- or dextran-conjugated 
prodrngs of preduisolone. dexamethasonc or budcsonide: 
ICAM-1 antisensc phosphorothioate oligodcoxyuucleotides 
(ISIS 2302: Isis Phannaceuticals, Inc.): soluble complement 
receptor I ([PIO; TCell Sciences, Inc.): slow-rclcascmesala
zine: mcthotrexate; antagonists of Platelet Activating Factor 
(PAF); ciprolloxacin; and lignocaine. 

NonJimit ing examples o f therapeutic agents for multiple 
sclerosis with wl1ich au antibody. or antibody portion, of the 
invention can be combined include the fo llowing: corticos
teroids; prednisolone: metl1ylprednisoloue; azathioprine: 
cydophospbamide: cyclosporine; methotrexate: 4-aminopy
ridine: tizanidine: interferon-13 la (AvoncxTM; Biogen); inter
feron-~ I b (BetaseronTM: Chiron/Berlex): Copolymer I (Cop-
1; Copaxone·"'1; Teva Phamiaceutical Indus tries, Inc.); 
hyperbaric oxygen; i11travenous immunoglobulin: clabribine; 
CDP-571/BAY- I 0-3356 (humanized anti-TNFa antibody; 
Celltech/Bayer): cA2 (chimeric anti-TNFa antibody; Cento-

22 
cor): 75 kdTNFR-JgG (75 kD TNF rcccptor-lgG fusion pro
tein: lmmunex; see e.g., Arthritis & Rhe11111atis111 ( 1994) Vol. 
37. S295; J . Invest. Med. (1996) Vol. 44. 235A); 55 kdTNFR
lgG (55 kD TNF receptor-lgG fusion protein; 1-Joffmann
LaRoehe) : IL-10; IL-4; and IL-10 and/or IL-4 agonists (e.g., 
agonist antibodies). 

Nonlimitingexamples oftherapeut ic agents for sepsis with 
which an antibody, or antibody portion. of the invention can 
be combined include lhc following: bypertonic saline solu-

10 tions: an tibiotics; intravenous gaUlJlla globulin: continuous 
hemofiltration: carbapenems (e.g .. meropeuem): antagonists 
ofcytoki.ncs such as TNFa. lL-1~. IL-6 and/or IL-8: CDP-
571/ BAY-10-3356 (humanized aoti-TNFa antibody; 

t5 Celltecb/Bayer): cA2 (chimer ic anti-TNFa antibody: Ceuto
cor): 75 kdTNFR-lgG (75 kD TNF receptor-lgG fusion pro
tein: l1111rnu1ex; see e.g .. Arthritis & Rheumatism ( 1994) Vvl. 
37. S295; J. Invest. Med. (1996) Vol. 44, 235A); 55 kdTNFR
lgG (55 kD TNF receptor-lgG fusion protein; Hoffmann-

20 LaRoche): Cytokine Regulating Agents (CRAs) HP228 and 
HP466 (Boughten Pharmaceuticals, lnc.); SK&F 107647 
(low molecular peptide; SmitthKline Beecham); tetravalent 
guanylbydrazone CNJ-1493 (Picower lustitute); Tissue Fac
tor Pathway Inhibito r (TFPJ; Chiron); Pl-IP (chemically 

25 modified hemoglobin: APEX Bioscience): iron chelators and 
chelates. including diethylene triamine pentaacetic acid-iron 
(111) complex (DTPA iron (111): Molichcm Medicines); 
lisofylline (synthetic small molecule metbylxant.hine: Cell 
Therapeutics. Jnc.): PGG-Glucan (aqeuous soluble ~J.3glu-

JO can: Alpha-Beta Teclmology); apolipoprotein A- I reconsti
tuted with lipids; chiral hydroxamic acids (synthetic antibac
terials that inJ1ibit lipid A biosynthesis); anti-endotoxin 
antibodies; E5531 (synthetic lipid A antagonist: Eisai 
America, Jnc.); rBPl2 1 (recombinant N-tcnuiual fragmeut of 

35 human Bac1ericidal/Pem1eability-lncreasing Pro1ein); and 
Synthetic Anti-Endotoxin Peptides (SAEP: BiosYnlh 
Rescarcl1 Laboratories): 

NonJimiting examples oftberapeutic agents for adult res
piratory distress syndrome (ARDS) with wb.ich an antibody, 

.io oraotibody portion. of the iuvcntion can be combined include 
the following: anti-IL-8 antibodies: surfactant replacement 
therapy; CDP-571/BAY-10-3356 (hw11anized anti-TNFa 
antibody; Cclltech/Bayer); cA2 (chimeric anti-TNFa anti
body: Ce11tocor): 75 kdTNFR-lgG (75 kDTNF receptor-lgG 

45 fusion protei11: lmmunex; see e.g .. Arthritis & Rhe11111atis111 
(J 994) Vol. 37. S295; J. Invest. Med. ( 1996) Vol. 44, 235A) ; 
and 55 kdTNFR-lgG (55 kD TNF receptor-lgG fusion pro
tein: 1-loffmann-LaRoche). 

The pbarmaceutical compositions of the inventiou may 
50 include a "therapeutically effective amount" or a "prophylac

tically effective amount" of an antibody or ant ibody portion 
of the inveution. A .. therapeuLically cllcctive aniount" refers 
to an amount effective, at dosages and for periods of time 
necessary. to achieve the desirred therapeutic result. A thcra-

55 peuticaUy effective amount of the antibody or antibody por
tion may vary according to factors such as the disease state, 
age, sex, and weight of the irtdividual, and the ability of the 
antibody or antibody portion to elicit a desired response in the 
individual. A therapeutically e ffective amount is also one in 

60 which any toxic or detrimental effects of the antibody or 
antibody portiou are outweighed by the therapeutical ly ben
eficial effects. A "prophylactically effective amou111" refers to 
an amount effective. at dosages and for periods of time nec
essary, to achieve the desired prophylactic result. Typically, 

65 since a prophylactic dose is used ill subjects prio r to or at an 
earlier stage of disease, the prophylactically effective amount 
will be less than the therapeutically effective amount. 
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Dosage regimens may be adjusted to provide the optimum 
desired response (e.g.. a therapeutic or prophylactic 
response). For example, a single bolus may be administered, 
several divided doses may be administered over t ime or the 
dose may be proportionally reduced or increased as iodicated 

24 
determined. The amount ofhTNFa in the biological sample is 
inversely proportional to the a mount oflabeled hTNFa stan
dard bound to the anti-hTNFa antibody. 

by the exigencies of the 1hcrapcu1ic s i1uation. ll is especially 
advantageous to fonnulate pareoteml compositions in dosage 
ulllit form for ease of administration and unifom1ity of dosage. 
Dosage un.i1 fonn as used herein refers to physically discrete 
ulllits suited as wlitary dosages for the mammalian subjects to 10 

be treated; each wli t containing a predetermined quantity of 
active compound calculated to produce the desired therapeu-

A 1)2E7 antibody of the invention can also be used to detect 
TNFas from species other tban humans, io particularTNFas 
from primates (e.g., chimpanzee. baboon. marmoset. cyno
molgus and rhesus). pig and mouse. since D2E7 can bind to 
each of these TNFas. 

The antibodies and antibody portions of the invention are 
capable of neutralizing hTNFa activity both in v itro and in 
vivo (see U.S. Pat. No. 6,090,382). Moreover. at least some of 
U1e antibodies of the invention, such as D2E7, can neutralize 
hTNFa activity from other species. Accordingly. the antibod
ies and antibody portions of the invention can be used to 

tic effect in association with the required phanm1ceutical 
carrier. The specification for the dosage unit forms of the 
invention are dictated by and directly dependent on (a) the 15 
unique characteristics of the active compmmd a11d the par
ticular therapeutic or prophylactic etlcct to be achieved, and 

inhibit hTNFa activity. e.g .. in a cell culture containing 
hTNFa, in htunan subjects or in other mammalian subjects 
having TNFas wiU1 which an antibody ol'the invention cross
reaets (e.g. chimpanzee, baboon, mam10set. cynomolgus and 
rhesus, pig or mouse). In one embodiment, the invention 

(b) the limitations inherent in the art of compounding such an 
active compound for the treatment of sensitivity in individu
als. 20 provides a method for inhibiting TNFa activity comprising 

contacting TNFa with an antibody or antibody portion of the 
invention such that TNFo. activity is inhibited. Preferably. the 
TNFa is lmman TNFa. For example, in a cell c ulture con-

An exemplary, non- limiting range for a therapemically or 
prophylactically effective amount of an ant ibody or antibody 
portion of the invention is 10-100 mg. more preferably 20-80 
mg and most preferably about 40 mg. It is to be noted that 
dosage values may vary with the type and severity of the 25 

condition to be alleviated. It is to be funber understood that 

taining, o r suspected of containing TNFa, an antibody or 
antibody portion of the invent ion can be added to the cultme 
medium 10 inhlbit hTNFa activity in the culture. 

for any particular subject. specific dosage regimens should be 
adjusted over time according to the individual need and the 
professional judgmenl of the person administering or super
vis ing the administrmion oft be com posit ions, and that dosage 
ranges set forth herein are exemplary only and are not 
inuended to limit the scope or practice of the claimed compo
sition. 
V. Uses of the Antibodies of the Invention 

Given their ability to bind to hTNFa, the anti-hTNFa 
antibodies. or ponions thereof, of the invetllion can be used to 
detect bTNFa (e.g .. i11 a biological sample. such as scrum or 
plasma). using a conventional immunoassay. s uch as an 
enzyme linked immunosorbent assays (ELISA), an radioim
munoassay (RIA) or tissue immunohistochcnlistry. The 
invention provides a method for detecting hTNFa in a bio
logical sample comprising contacting a biological sample 
wi.th an antibody. or antibody portion. of the invention and 
detecting either tl1e antibody (or antibody portion) bound to 
hTNFao r unbound antibody (or antibody ponion), to thereby 
detect hTNFa in the biological sample. The antibody is 
directly or indirectly labeled with a deteclable substance to 
facilitate detection of the bound or unbound antibody. Suit
able detectable substances include various enzymes, pros
thetic groups, fluo rescent materials. luminescent materials 
and radioactive materials. Examples of suitable enzymes 
include horseradish peroxidase. alkaline phosphatase, ~-ga
lactosidase, o r acetylcholinesterase; examples of suitable 
prosthetic group complexes include strcptavidin/biotin and 
avidin/biotin: examples of suitable tluoresce!ll materials 
include mubelliferone, fluorescein, tluorescein isothiocyan
ate. rhodamine. dicblorotriazinylamine fluorescein, dansyl 
chlorideorphycocrytluin: an exampleofa luminescent mate
rial includes luminol: and examples of su itable radioactive 
material include ' 251. 1311. 35$ or 3 H. 

AJteruative to labeling the antibody. hTNFa can be 
assayed in biological :tluids by a competition immunoassay 
utilizing rhTNFa standards labeled with a detectable sub
stance and an unlabeled anti-hTNFa antibody. In this assay, 
the biological sample, tile labeled rhTNFa. standards and tile 
ant i-hTNFa antibody are combined and the amount o f 
labeled rhTNFa standard bound to the unlabeled antibody is 

In a preferred embodiment. 1hc invention provides methods 
of treating disorders in which the administration o f an anti
TNFa antibody is beneficial. comprising subcutaneously 

30 admiriistering to the subject biweekly an antibody o r antibody 
portion oflhe invention such that the disorder is treated. In a 
particular ly preferred embodiment, the antibody is adminis
tered subcutaneously on a biweekly schedule. In another par
ticularly preferred cmbodimeat, the antibody is administered 

35 subcutaneously before, during or after administration of 
methotrexate. Preferably. the subject is a human subject. 
Alternatively. the subject can be a mammal expressing a 
TNFa with which an antibody of the invention cross-reacts. 
Still fonher the subject can be a mammal into which has been 

.io introduced hTNFa (e.g .. by administration ofhTNFa or by 
expression of an hTNFa transgene). An antibody of the 
invention can be administered to a human subject for thera
peutic purposes (discussed further below). Moreover, an anti
body of the invention can be administered to a non-human 

45 manuual expressing a TNFa with which the antibody cross
reacts (e.g .. a primate. pig or mouse) for veterinary purposes 
or as an anilllal model of huma n disease. Regarding the latter, 
such animal models may be useful for evaluating the thera
peutic efficacy of antibodies of the invention (e.g., testing of 

50 dosages ond t ime courses of administration). 
As used herein, U1e term "a disorder in which Lhc admin

istration of an anti-TNFo. antibody is beneficial" is intended 
to include diseases and other disorders in which the presence 
of TNFa. in a subject suffering from the disorder has been 

55 shown to be or is suspected of being either responsible for tl1e 
pathophysiology of the disorderora factor that contributes 10 

a worsening of the disorder, or where it has been shown that 
another anti-TN Fa antibody or a biologically act ive portion 
thereof has been successfully used 10 treat the disease. 

60 Accordingly, a disorder in which TNFo. activity is detrimen
tal is a disorder in which inhibition of TNFa activity is 
expected to al leviate the symptoms and/or progression of the 
disorder. Such disorders may be evidenced, for example. by 
an increase in the concentrat ion ofTNFa in a biological tluid 

65 of a subject suffering from tile disorder (e.g., an increase in 
U1e concentration ofTNFa in senun, plasma, synovial tluid. 
etc. of the subject), which can be detected, for example. using 

Appx291

Case: 17-2304      Document: 36     Page: 357     Filed: 12/13/2017



26

US 9,01 7,680 B2 
25 

an anti-TNFa antibody as described above. There arc muuer
ous examples of disorders in which TNFa activity is detri
mental. The use of the antibodies and antibody portions of the 
invention in the treatment of specific disorders is discussed 
further below: 

A. Sepsis 

26 
C. Infectious Diseases 
Twnor necrosis factor has been implicated in mediating 

biological eflects observed in a variety ofiufoct ious diseases. 
For example, TNFa has been implicated in mediating brain 
inflammation and capillary thrombosis and infaICtion in 
malaria (sec e .g .. Tracey and Cerami, supra). TNF<:t. a lso has 
been implicated in medialing brain inllammation, inducing 
breakdown of the blood-brain barrier. triggering septic shock 
syndrome and activating venous infarction in meningitis (see 
e .g., Tracey and Cerami. supra). TNFa also has been impli
cated in inducingcachexia. stimulating viral proliferation and 
mediating central nervous system injury in acquired immune 
deficiency syndrome (AIDS) (see e.g ., Tracey and Cerami. 
supra). Accordingly, the antibodies. and antibody portions. of 
the invention. can be used in the treaunent ofinfoctious dis-

Tumor necrosis factor has an established role in the patho
physiology of sepsis, with biological effects that include 
hypotension. myocardial suppression. vascular leakage syn
drome. organ necrosis. stimulation of the release of toxic 

10 

secondary mediators and activation of the clotting cascade 
(see e.g .. Tracey. K. J. and Cerami. A. {I 994)A111111. Rev. Med. 
45:491 -503: Russell, D . and Thompson, R. C. (1993) Curr. 
Opin. Biotech. 4:714-721 ). 

t5 eases. including bacterial meningitis (see e.g.. European 
Patent Application Publication No. EP 585 705), cerebral 
malaria, AJDS and AIDS-rela ted complex (ARC) (see e.g., 
European Patent Application Publication No. EP 230 574). as 

Accordingly. the human antibodies, and antibody portions. 
uf the iuventiou <:au be use<! tu treat sep~is i11 auy ufits diui""l 
settings, including sept ic shock, endotoxic shock. gram nega
tive sepsis and toxic shock syndrome. well as cytomegalovims infection secondary to transplanta

tion (see e.g., Fietze, E., et al. ( 1994) Transplantation 58:675-
680). The antibodies. and antibody portions, of the invention. 
also can be used to alleviate symptoms associated with infec
tious diseases, including fever aad myalgias due to infection 
(such as inlluenza) and cachexia secondary to infection (e.g. , 

Furthermore. to treat sepsis. an anti-hTNFa antibody, or 20 

antibody portion. of the invention can be coadministered with 
one or more additional therapeutic agents that may forther 
alleviate sepsis. such as an interleukin-I inhibitor (such as 
those described in PCT Publication Nos. WO 92116221 and 
WO 92117583), tl1e cytokine interleukin-6 (see e.g., PCT 
Publication No. WO 93/ 11793) or an antagonist of platelet 
ac[ivating factor (see e .g., Ettropean Patent Appl ication Pub
lic~lion No. EP 374 SJ O). 

25 secondary to AJDS or ARC). 
D. Transplantation 
Tumor necrosis foctor has been implicated as a key media

tor of allograft rejection and graft versus host disease 
(GVHD) and in mediating au adverse reaction that has been Additionally, in a preferred embodiment. an anri-TNFa 

ant ibody or antibody portion of the invention is administered 
to a human subject within a subgroup of sepsis patients hav-
ing a serum or plasma concentration oflL-6 above 500 pg/ml, 
and more preferably JOOO pg/ml. at the time oftreauuent (see 
PCT Publication No. WO 95/20978 by Daum, L., et al.). 

B. Autoinumu1e Diseases 
Tumor necrosis factor has been implicated in playing a role 

in the patl1ophysiology of a variety of autoimmune diseases. 
For example. TNFa has been implicated in activating tissue 
inrlammation and causing joint destrnction in rheumatoid 
arthritis (see e.g., Tracey and Cerami. supra: Arend. W. P. and 
Dayer. J-M. (1995)Ar1h. Rheum. 38: 151-160; Fava, R. A .. et 
al. ( J 993) C/in. Exp. lm11111110/. 94:261-266). TNFo. also has 
been implicated in promoting the death of islet cells and in 
mediating insulin resistimce in diabetes (see e.g .. Tracey and 
Cerami. supra; PCT Publication No. WO 94/08609). TNFa 
also has been implicated in mediating cytotoxicity to oligo
dcndrocytes and induction of iuflallltllatory plaques in mul
ti ple sclerosis (sec e.g .. Tracey and Cerami, supra). Chimeric 
and humanized murine anti-hTNFa antibodies have under
gone clinical testing tor treatment ofrheumatoid arthritis (see 
e.g., Elliott , M. J .. ct al. (1994)Lancet344: I 125-1127: Elliot. 
M_ J., et al. ( 1994) Lance! 344: 11 OS- I I I 0: Rankin, E. C., et 
al. (1995) Br. J. Rheumatol. 34:334-342). 

30 observed when the rat antibody OKT3, directed against the T 
cell receptor CD3 complex. is used to inhibit rejection of 
renal transplants (see e.g., Tracey and Cerru11i. supra: Eason. 
J. D., ct al. (1995) Transplanta1io1159:300-305: Suthanthiran, 
M. and Strom, T.13. (1994) New Engl. J. Med. 33 1 :365-375). 

35 Accordingly, the antibodies. and ant ibody portions. of the 
invention. can be used to inhibit transplant rejection. includ
ing rejections of allogralls and xcnografts and to inhibit 
GVHD. Although the ant ibody or antibody portion may be 
used alone, more preferably it is used in combination witl1 one 

.io or more other agents that inhibit the inmnme response against 
the allograft or inhibit GVI-ID. For example, in one embodi
ment, an antibody or ru1tibody portion oft be invention is used 
in combina1ion with OKT3 to inhibit OKT3-induc~d reac
tions. In .another embodiment., an antibody or m1tibody por-

45 tion of the invention is used i11 combination with one or more 
antibodies directed at other targets involved in regulating 
immune responses, such as the cell surface molecules CD25 
(interleukin-2 receptor-a). CD! la (LFA-1). CDS4 (ICAM-
1 ), CD4. CD4S. CD28/CTLA4. CD80 (87-l) and/or CD86 

50 (87-2). In yet a no ther embodiment. an antibody or ant ibody 
portion of tl1e invention is used in combination with one or 
more general immunosupprcssive agents. such as cyclosporin 
A or FK506. 

E. Malignancy 
The human antibodies. and antibody portions of the inven- 55 

lion can be used to treat autoimmune diseases. in particular 
those associated with inflammation. including rheumatoid 
arthritis, rheumatoid spondylitis. osteoarthritis and gouty 
arl! hritis. allergy, multiple sclerosis, autoimmune diabetes. 
autoimmune uveitis and nephrotic syndrome. Typically. tl1e 60 

antibody. or antibody portion, is administered systemically. 

Tumor necrosis factor has been implicated ill inducing 
cachexia, st imulating tumor groWlh, enhaocing metastatic 
potential and mediatiug cytotoxicity in maligoa:ncies (see 
e .g., Tracey ru1d Cerami. supra) . Accordingly, the antibodies. 
and antibody portions. of the invention. can be ttsed in the 
treatment of malignancies, to inhibit tumor growtl1 or 
metastasis and/or to allevia te cachexia secondary to malig-

alt hough for certain d isorders, local administration of the 
antibody or antibody portion at a site of inflammation may be 
beneficial (e.g .. local adrninistr.Jtion in the joints in rheuma
toid arthritis o r topical application to diabetic ulcers, alone o r 65 

in combination with a cyclohexane-ylidene derivative as 
described in PCT Publication No. WO 93/1975 I). 

11ru1cy. The antibody, or ru1tibody portion, may be adminis
tered sys1emically or locally to the ntmor site. 

F. Pulmonary Disorders 
Tumor 11ecrosis factor has been implicated in the patbo

physiology of adult respiratory distress syndrome. including 
stimulating leukocyte-endothelial activation, d irecting cyto-
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Example l 

Treatment with an Anti-TNFo. Antibody 

D2E7 EJTicacy Following Subcutaneous 
Administration 

ln this study, twenty -four pat ients with active RA were 
treated w ith weekly doses of 0.5 mg/kg D2E7 (n= l8) or 

toxicity to pneumocytcs and inducing vascular leakage syn
drome (see e.g., Tracey and Cerami. supra). Accordingly, the 
amibodies. a nd antibody portions, of the invention, can be 
used to treat various :pulmonary disorders, including adult 
respiratory distress syndrome (see e.g .. PCT Publication No. 
WO 91/04054), shock lung, chronic pulmonary inflammatory 
disease, pulmonary sarcoidosis, pulmonary fibrosis and sili
cosis. The antibody, or antibody portion. may be administered 
systemically or locally to the lung surface, for example as an 
aerosol. 

G. lntestinlll Disorders 
Tumor necrosis factor has been implicated in the patho

physiology of inflammatory bowel disorders (see e.g., Tracy. 
K. J., et al. (l 986) Science 234:470-474: Sun. X-M., et al. 
(1988).f Clin. lnvesl. 81 :1328-1331: MacDonald, T. T.. et al. 
(1990) C/in. E:>.p. !11111111nol. 81:301-305). Chimeri" murinc 
anti-hTNFo.c antibodies have undergone clinical resting for 
treatment of Crohn's disease (van Dullemen, H. M., et al. 

10 placebo (n=6) by s .c. injection for three months. Patients 
participating in this study had a mean duration of disease of 
I 0.J years with a disease activity score (DAS) score of 4.87 
and a mean of 3.4 DMARDs (disease modifying anti-rheu
matic drugs) prior to study eatry; again reflecting consider-

( 1995) Gastroenlerology 109: 129-135). The huma n antibod
ies. and antibody portions, of the invention, also can be used 
to treat intestinal disorders. such as idiopathic inflammatory 
bowel disease. which includes two syndromes, Crohn's dis
ease and ulcerative colitis. 

15 able disease activity. Responders continued open-label treat
ment with 02E7, while patients who failed to respond to the 
0.5 mg/kg dose or who lost a DAS response on the 0.5 mg/kg 
dose were escalated to receive 1 mg/kg by s.c. injection after 
week twelve of the study. 

20 The flrst patients enrolled received up to sixty injections 
and were, therefore. sixty weeks on the study drug. The effi
cacy with s.c. dosing was similar to i.v. injections. U p to 78% 
of patiems reached a DAS and ACR20 response during the 
first weeks of treatment. Subcutaneous D2E7 at a dose of0.5 

H. Cardiac Disorders 
TI1e antibodies, and antibody po rtions, of the invention. 

also can be used to treat various cardiac disorders. including 
itichemia of the he<1rt (tit:e e.g .. Europeim Patent AppliC<ttion 
Publication No. EP 453 898) and heart insufficiency (weak
ness of the heart muscle) (see e.g., PCT Publication No. WO 
94/20139). 

25 mg/kg/week reduced the swollen joint (SW.I) count by 54%, 
tender joint count (fJC) by61 %and CRP by 39%overtwelve 
weeks colllpared to bast:liue. wbereas all paramc:t<::rs 
increased in the placebo group. After completion o f the pla
cebo-controlled period of this study. tbc patients continued 

JO treatment for up to fourteen months with sustained efficacy. 
111eseresults indicate that subcutaneous D2E7 at a doseof0.5 

I. Others 
The antibodies, and antibody portions, of the invention. 

also can be used to treat various other disorders in which 
35 

TNFo.activiry is detrimental. Exrunples of other diseases and 
disorders in which TNFo.c activity has been implicated in the 
pathophysiology, and thus which can be treated using an 
antibody, or antibody portion. of the invention. include 
inrlammatory bone disorders and boneresorptiondisease (see 40 

e.g., Bertolini, D. R .. et al. (1986) Na111re 319:516-518: 
Konig, A .. et al. (1988) J. Bone Miner. Res. 3:621-627; 
Lerner. U. l I. and Ohlin, A. ( 1993)J 110111? Min(!r: R(!s. 8: 147-
155; and Shankar. G. and Stem, P.H. (1993) Bone 14:871 -
876), hepatit is. including a lcoholic hepatitis (see e.g ., 45 

McClain, C. J. and Cohen, D. A. ( 1989) Hepa1ology 9:349-
351; Felver, M. E .. et a l. (1990) Alcohol. Clin. E.11J. Res. 
14:255-259: and Hansen . .I.. et al. (1994) /-fepatology20:461-
474) and vi nil hepatitis (Sheron. N .. et al. (1991) J Hepa!ol. 
12:241-245: and llussain, M. J.. ct al. (1994)J. Cli11. l'a1hol. 50 

47: 1112-1 115), coagulation disturbances (see e.g., van der 
Poll. T..et al.(1990)N. £,,g/. J. Med. 322:1622-1627: and van 
der Poll , T., e t al. (1991) Prag. Clin. Biol. Res. 367:55-60), 
bums (see e.g., Giroir, B . P .. et al. (1994) Am. J. Physiol. 

55 
267:1-1118-124: and Liu. X. S., er al. ( 1994) Burns 20:40-44). 
reperfusion injury (sec e .g .. Scales. W. E., e t al. (l 994)Am. J. 
Physiol. 267:GI 122-1 127; Scrrick. C .. ct al. (1994) Trans
p/a11talio1158:1 158-1162; and Yao. Y. M .. ct al.(! 995) ReS11s
citation 29: 157- 168), keloid fonnation (see e.g .. McCauley, 60 
R. L .. et al. ( 1992) J. Cl in. !11111111110!. 12:300-308), scar tissue 
formation and pyrexia. 

·n1is invention is Further illustrated by the following 
examples which shouJd not be construed as limiting. ·111e 
coJ1tents ofall refereuces. patents and publisbed patent appli- 65 

cations cited throughout this application are hereby incorpo
raned by reference. 

mg/kg/week can. therefore. be safely selr-adminis tered with 
good local tolerability. 
Administration of D2E7 and Metbotrexate 

ln this st11dy. patients received s.c. or i.v. placebo or D2E7 
at a dose of I mg/kg in addit ion to their ongoing treatment 
with (metbotrexate) MTX. Fifly- four patients were enrolled 
in the study and eighteen patients received i.v. D2E7 and s.c. 
placebo, eighteen patients received i.v. placebo and s.c. 
D2E7. and eighteen pat icnts received placebo i. v. and s.c. The 
patients rece ived their second dose only after they lost their 
blinded response stan1s, not earlier than tour weeks after the 
first dos.e. ll1creafter, a ll pa1ie111s received open-label 
biweekly s.c. injections of D2E7. 

Demographic characteristics of the sn1dy popula1ion o f this 
st'udy inc luded a mean dunition of RA of 11.l years. prior 
exposure to a mean of3.6 DMARDs (other than MTX). and 
a mean DAS at study entry of 4.81. By Day twenty-nine, 72% 
of the i.v. D2E7 treated patients and 44% of the s.c. D2E7 
tre<lled patients had achieved a response by DAS criteria . 
compared to only 28%of placebo-treated patients (set forth in 
FIG. 5). Of the respo11dcrs in lhjs study, 28% of placebo 
treated patients maintained an ACR20 response up to day 29, 
compared to 72% of i.v.-trcated D2E7 patients and 67% of 
s.c .-trcated D2E7 pat ients. who maintained their rcsporu;es 
for between one and three months. 

Example 2 

Total Body Dose ofa Subcutaneously Administered 
Anti-TNFa Antibody 

Weekly, Subcutaneous Administration o f D2E7 

This study enrolled two buudred eigllly -four pa tients with 
RA and was des igned to detennine the optimal 1otal body 
dose of subcutaneously administered D2E7. Patients were 
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randomized 10 receive: either 20. 40. or 80 mg D2E7 or pla
celbo weekly for twelve weeks. after whjch lime placebo
treated patients were switched blindly lo 40 mg D2E7/week. 

Approximately 49% of patients reached ACR20 al 20 mg. 
55%ofpatienlsreachedACR20at 40 mg. and 54%ofpaiients 
rcachcdACR20at 80 mg, while only 10"/o of patients receiv
ing placebo reached ACR20 (set forth in FlG. l A). Approxi
ma tely 23% of patients reached ACR50 at 20 mg. 27% of 
patients reached ACR50 at 40 mg, and 20"/o or patients 
reached ACRSO at 80 mg, and only 2% of patients receiving 10 

placebo reached ACR50. These data illustrate that subcuta
neous D2E7, particula.rly at a dose of 40 mg/week, generates 
a good response. 

30 
was administered by medical persom1el as part of the patient's 
training. Subsequent doses were self-administered by the 
patient at the st11dy under the direct observation of trained 
personnel for the first four weeks. ·n1ereafter. doses were 
administered outside the study site by the patient , a trained 
individual designated by the patient, or by mc.-dical personnel. 
Medication for four or five weeks was dispensed after each 
clinical assessment. Patients were serially examined in weeks 
one. two. three. four. six. eight. twelve. sixteen. twenty. and 
twenty-four of the study with the joint examinations being 
pcrfonncd by a blinded assessor. independent of the treating 
physician. 

·n1is s111dy en.rolled two hw1dred seventy-one paiients with 
RA. TI1e study population was representative of the moderate 

Example3 

Biweekly. Subcmaneous Administration of an 
Anti-TNFa Antibody 

Biweekly, Subcutaneous Administration of D2E7 

is to severe RA population in North America: approximately 
70% female, and predominantly over rhe age of forty. The 
population was selected using predetermined inclusio11 and 
exclusion crireria, known lo those of skill in the art e.g .• a 
patient must have received a diagnosis of RA as defined by the 

111e clinical effects. safety, immunogenicity, and tolerance 
of RA patients with partial responses to MTX fol lowing every 
oll!J.er week subcutaneous (s.c.) injections of placcbo or D2E7 

20 1987-rev:iscd American College of Rheumatology (ACR) cri
teria (set forth in Appendix A) 

at :several dose levels for up to twenty-four weeks in co1~unc- 25 

tion with continued MTX treallllent was investigated. 
Study Design 

Results 
FIGS. 18 and 2-4 indicate that subcutaneous. biweekly 

D2R7 treatment combined with methotrexate was signifi
cantly bener than placebo in reducing the signs and symp
toms of RA at twenty-four weeks. All three doses of D2E7 
were •Jaljstically s i)!,rtificautly mure cffc:c1iv.:: tbm1 p lacebo 
given weekly. Furthermore, D2E7 at 40 mg and 80 mg had 
belier efficacy than the 20 mg, dose. 

EQUIVALENTS 

A placebo-controlled. double-blind. randomized, multi 
cenler sn1dy in patients with RA, who had insufficient effi
cacy or tolcrabilily ro MTX was performed. During the 30 

course of thc tria l. pmicms were cominucd o n a stable dose of 
MTX with dose ranges specified in the inclusion criteria 
described below. Those skilled in the art will recognize. or be abk to ascer

tain using no more than routine experimcntati.on, many 
35 equivalents to the specific embodiments of the invention 

described bereiu. Such equivalents are intended to be encom
passed by the following claims. 

This study consisted of two portions: 1) a "wash-out 
period" of four weeks prior 10 the administration of the first 
dose medication. duri.ng which time DMARDs (except Jor 
MTX) were wirhdrawo; aod 2) a "placebo controlled period" 
during which time patients were randomized to one of four 
cohorts of sixty-seven patients to receive placebo. 20. 40, or 
80 mg D2E7 (as a total body dose) given every other week s.c . .io 
for up to 24 weeks. Eachdoseofstudydrugwas administered 
as r.vo s.c. injections of 1.6 mL each. ·111e patient's first dose 

CRITERION 

t. Arthrh.is of 3 or more joint are11s 

2. Arthritis of hlllld joints 
Wrist 

MCP 
MCPorwrist 
MCPlUldwrist 
Symmetric swelling (arthritis) 

4. Scrum rhemuatoid faclor 

ACR Defmition of RA 

The 1987 classification tree criteria and functions for rheu
matoid arthritis (RA) 

DEFINJTION 

Al leust 3 joint· areas simult.weously have had soft tissues 
swelling or fluid (not bony O\'crgro·wtl1 alone) observed by a 
physici•n. The I 4 possible joint """"'= right or left PIP. 
MOP. wriSl. elbow. kncc. lUlklc. lUld MTP joints. 
Soft tissue swelling or fluid (aot bony overgrowth alone) of 
the specified area observed by ll physici.'lll. \\I here 2 
areris nre specified. involvement mtL"lt have been 
simull.'llleous. 

Simultaneous invoh·cmcnt oft11e same joint areas (as 
defined in I on both sicks of the body (bilateral 
uwolvement of PIPs. MICP·s. or MTPs is occcptable 
without absolute synunetry) 
Demonstration of 3bnonmtl amounts of serum rhcum3loid 
factor by any method for which lhc result has barn positive 
in <5% of norms.I control subjects 

5. Radiographic changes of rheumatoid arthritis Radiographic ch:mges typical of rfleumatoid arthritis on 
posteroantcrior hsnd and wrist r:ldiog.raphs which. must 
include erosions or unequi\'ocal bony decalcific.'\tion 
localized in or most m:ukod odjacem lo the involved joints 
(0.-ieoart.hritis chfillges alone do not qualify) 

A p.uiem i!.s:tid to ha"''° RA ifh~/sbo i'!;. inehlded in I oflhe SRA sub'.l<:ls li!l.te-d. in Table 7 and has o ~linicul diag,noc:.is""fRA by hisJ .. cr 
phys1ci::m. Critcn:1 I. 2. and 3 musl h:r;e beci1 prcscnt for .;it least 6 W('cks. 
Arthnli'i :tnd Rhcumatisnl. Vol. Jt. No. 3 1M~rch 1988) 
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APPENDIX A 

SeQ ID NO, i, 
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
l 5 10 15 
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Arg A!m Tyr 

20 25 30 

Leu Ala Trp Tyr Gln Gln Lye Pro Gly Lye Ala Pro Lyo Leu Leu Ile 
35 40 45 

Tyr Ala Ala Ser Thr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro 
65 70 7S 80 
Gl u Asp Va1 Ala Thr Tyr Tyr Cye Gln .Arg Tyr Aan Arg Ala Pro Tyr 

BS 90 95 
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys 

100 105 

SOO IO NO, 2, 
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Arg 

s 10 15 
Ser Leu Arg Leu Ser eye Ala Ala Ser Gly Phe Thr Phe Asp Asp Tyr 

20 25 30 
Al a Met His Trp Val Arg Gln Al a Pro Gly Lys Gl y Leu Glu Trp Val 

35 40 45 
Ser Ala Ile Thr Trp Asn Ser Gly His Ile Asp Tyr Ala Asp Ser Val 

50 55 60 
Glu Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr 
65 70 75 so 
Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr eys 

85 90 95 
Ala Lys Val Ser Tyr Leu Ser Thr Ala Ser Ser Leu Asp Tyr Trp Gly 

100 !05 

Gln Gly Thr Leu Val Thr Val Ser Ser 
115 120 

SeQ ID NO, 3, 

Gln Arg Tyr Aon Arg Al a Pro Tyr Xaa 
1 s 

APPENDIX B 

SeQ ID NO, 4, 
Val Ser Tyr Leu Ser Thr Ala Ser Ser Leu Aap Xaa 

1 s 10 
Xaa of SEQ ID NO, 4 - Tyr or Asn 

SeQ IO NO, 5 , 
Ala Ala Ser Thr Leu Gln Ser 

5 

SeQ IO NO, 6, 

110 

Ala Ile Thr Trp Asn Ser Gly His Ile Asp Tyr Ala Asp Ser Val Glu 
1 5 10 15 
Gl y 

SeQ ID NO, 7, 
Ar9 Ala Ser Gln Gly I l e Arg Aon Tyr Leu Ala 
1 5 10 

SOO IO NO, 9, 
Aop Tyr Ala Met Hio 
1 5 

SE>Q ID NO, 9 , 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Ile Gly 
l s 10 15 
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Arg Asn Tyr 

20 2S 30 
Leu Al a Trp Tyr Gln Gln Lya Pro Gly Lys Ala Pro Lys Leu Leu Ile 

35 40 4S 
Tyr Ala Ala Ser Thr Leu Gln Ser Gly Val Pro Ser Arg Ile Ser Gly 

SO SS 60 
Ser Gly Ser Gly Thr Asp Ile Thr Leu Thr Ile Ser Ser Leu Gln Pro 
6S 70 75 BO 
Gl u Asp Val Ala Thr Tyr Tyr Cys Gln Lys Tyr Aon Ser Ala Pro Tyr 

BS 90 95 
Ala Ile Gly Gln Gly Thr Lye Val Glu Ile Lya 

100 105 

32 
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APPENDIX B-continued 

SElQ ID NO: 10: 
GLn Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Arg 

5 10 15 
Ser Leu Arg r.eu Ser cys Ala Ala Ser Gly Phe Thr Phe Asp Aop Tyr 

20 25 30 
Ala Mee His Trp Val Arg Gln Ala Pro Gly Lye Gly Leu Asp Trp Val 

35 40 45 
Ser Ala Ile Thr Trp Asn Ser Gly His Ile Asp Tyr Ala Asp Ser Val 

so SS 60 
Glu Gly Arg Phe Ala Val Ser Arg Aop Aon Ala Lys Asn Ala Leu Tyr 
65 70 75 QO 

Leu Gln Mee Asn Ser Leu Arg Pro Glu Asp Thr Ala Val Tyr Tyr Cys 
BS 90 95 

Thr Lye Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp A.sn Trp Gly 
100 105 110 

Gln Gly Thr Leu Val Thr Val Ser Ser 
llS 120 

SElQ ID NO: 11: 
Gl n Lyo Tyr A!m Ser Ala Pro Tyr Ala 
l s 

SElQ ID NO: 12: 
Gln Lys Tyr Asn Arg Ala Pro Tyr Ala 
1 s 

SElQ ID NO: 13; 
Gln Lyo Tyr Gln Arg Ala Pro Tyr Thr 
l s 

SElQ ID NO: 14; 
GLn Lys Tyr Ser ser Ala Pro Tyr Thr 

s 

SElQ ID NO: 15: 
Gl n Lys Tyr Aon Ser Al a Pro Tyr Thr 
l s 

SElQ ID NO: 16: 
Gln Lye Tyr Asn Arg Ala Pro Tyr Thr 

s 

SElQ ID NO: 17: 
Gl n Lyo Tyr Aon Ser Al a Pro Tyr Tyr 
l s 

SElQ ID NO: lB: 
Gl·n Lys Tyr Asn Ser Ala Pro Tyr Asn 

5 

SElQ ID NO : 19: 
Gln Lyo Tyr Thr Ser Ala Pro Tyr Thr 
l s 

SElQ ID NO: 20: 
Gln Lys Tyr Asn Arg Ala Pro Tyr Asn 

s 

SElQ ID NO: 21: 
Gln Lys Tyr Asn Ser Ala Ala Tyr Ser 
l s 

SElQ ID NO: 22: 
Gln Gln Tyr Asn Ser Ala Pro Asp Thr 

s 

SElQ ID NO: 23 : 
Gln Lys Tyr Asn Ser Asp Pro Tyr Thr 
l s 

Sl')Q ID NO : 24: 
Gl n Lyo Tyr Ile Ser Al a Pro Tyr Thr 
l s 

Si;)Q ID NO : 25: 
Gl n Lys Tyr Asn Arg Pro Pro Tyr Thr 
l 5 

Sl!>Q ID NO: 26 : 
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APPENDIX B-continued 

Gln Arg Tyr Aon Arg Ala Pro Tyr Ala 
5 

SEX) ID NO, 27, 
Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Aop Aan 
1 5 10 

SEX) ID NO, 2s, 
Al a Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Lys 

s 10 

S!OQ ID NO~ 29 ~ 

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Tyr 
l s 10 

SEX) ID NO, 30, 
Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Asp 

s 10 

SE>Q ID NO, 31, 
Al a Ser Tyr Leu Ser Thr Ser Phe Ser Leu Aop Tyr 
1 s 10 

SE>Q ID NO, 32, 
Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu His Tyr 
1 5 10 

SE>Q ID NO, 33, 
Al a Ser Phe Leu Ser Thr Ser Ser Ser Leu Glu Tyr 
1 s 10 

SE>Q ID NO, 34, 
Al a Ser Tyr Leu ser Thr Ala ser ser Leu Glu Tyr 

s 10 

SE>Q ID NO, 35, 
Val Ser Tyr Leu Ser Thr Ala Ser Ser Leu Aap A~m 
1 s 10 

SeQ ID NO, 36, 
GA.CA TC CA GA TGACCCAGTC TCCATCCTCC CTGTCTGCAT CTGTAGGGGA CAGAGTCACC 60 
ATCACTTCTC CGGCAAGTCA CGGCATCACA AATTACTTAC CCTCCTATCA CCAAAAACCA 120 
GGCf\AAGCCC CTA.AGCTCCT GATCTATGCT GCATCCACTT TGCAATCAGG GGTCCCATCT 180 
CGGTTCAGTG GCAGTGGA.TC TGGGACAGAT TTCACTCTCA CCATCAGCA.G CCTACAGCCT 240 
GAAGATGTTG CAACTTATTA CTGTCAAAGG TATAACCGTG CACCGTATA.C TTTTGGCCAG 300 
GGGACCAAGG TGGAAATCAA A 321 

SEQ ID NO , 37: 
GA-GGTGCAGC TGGTGGAGTC TGG-GGGAGGC TTGGTACAGC CCGGCAGGTC CCTGAGACTC 60 
TCCTGTGCGG CCTCTGGATT CACCTTTGAT GATTATGCCA TGC."CTGGGT CCGGCAAGCT 120 
CCAGGGAAGG GCCTGG~ATG GGTCTCAGCT ATCACTTGGA ATAGTGGTCA CATAGACTAT 180 
GCGGACTCTG TGGAGGGCCG ATTCACCATC TCCAGAGACA ACGCCAAGAA CTCCCTGTAT 240 
CTGCAAATGA ACAGTCTG..'<G AGCTGAGGAT ACGGCCGTAT ATT.~CTGTGC GAA.O.GTCTCG 300 
TA.CCTTAGCA CCGCGTCCTC CCTTGACTAT TGG-GGCCAAG GTACCCTGGT CACCGTCTCG 360 
ACT 

<160> NUMBER OF SEQ ID NOS, 37 

<210> SEQ I D NO 
<211> LENGTH, 107 
<212> TYPE' PRT 

SEQUENCE LISTING 

<2 13> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223 > OTHER INFORMA.TION: mutaced human ant ibody 
<220> FEATURE: 
<223> OTHER INFORMATION: mutated human antibody 

<400> SEQUENCE : 

Aop I l e Gl n Met Thr Gl n Ser Pro Ser Ser Leu Ser Ala Ser Va l Gly 
1 s 10 15 

Aap Arg Val Thr Ile Thr eye Arg Ala Ser Gln Cly Ile Ar9 Asn Tyr 

363 
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37 

-continued 

20 2S 30 

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile 
3S 40 4S 

Tyr Ala Ala Ser Thr Leu Gln Ser Gly Val Pro Ser Arg Ph• Ser Gly 
SO SS 60 

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln 
6S 70 75 

Glu Aep Val Ala Thr Tyr Tyr Cye Gln Ar9 Tyr Aen A~g Ala Pl.-o 

8S 

Thr Phe Gly Gln Gly 
100 

<210> SEQ ID NO 2 
<211> LENGTH, 121 
<212> TYPE' PRT 

Thr Lyo Val Glu 
105 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE, 

90 

Ile Lys 

<223> OTHER INFORMA,TION : mutated human antibody 

<4 00> SEQUENCE , 

95 

Pro 
80 

Tyr 

Glu Val Gln Leu Val Glu Ser Gly Gly Cly Leu Val Gln Pro Gly Arg 
l s 10 15 

Ser Leu l\rg r..eu Ser Cyo 1\1~ J\l:i. Ser Cly Phc 'rhr Phc /\.op Aop Tyr 
20 25 30 

Ala Met His Trp Val Arg Gln Ala Pro Cly Lys Gly Leu Glu Trp Val 
35 40 45 

Ser Ala Ile Thr Trp Aen Ser Gly Hie Ile Asp Tyr Ala A.ep Ser Val 
50 SS 60 

Glu Gl y Arg Phe Thr Ile Ser Arg Asp Aon Ala Lys Asn Ser Leu Tyr 
6S 70 7S 80 

Leu Gln Met A.en Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
SS 90 9S 

Ala Lyn Va l Ser Tyr Leu Ser Thr Ala Ser Ser Leu Asp Tyr Trp Gly 
100 lOS 110 

Gln Gly Thr Leu Val Thr Val Ser Ser 
llS 120 

<210> SEQ ID NO 
<211> LENGTH, 9 
<212> TYPE' PRT 
<:213> ORGANISM: Artificial Sequence 
<220> PllATURE, 
<223> OTHER INFORMATION, mutated human antibody 
<220> FEATURE' 
<221> NAME/KEY, VARIANT 
<222> LOCATION , (9) 
<223> OTHER INFORMATION, Xaa - Thr or Ala 

<4 00> SEQUENCE , 

Gln Arg Tyr Asn Arg Ala Pro Tyr xaa 
s 

<210> SEQ ID NO 4 
<211> LENGTH' 12 
<212> TYPE' PRT 
<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION ' mutated human antibody 
< 220> FEATURE ' 
<221> NAME/KEY, VARIANT 
<222> LOCATION, (12) 
<223> OTHER INFORl~TION' Xaa - Tyr or Aen 

38 
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39 

-continued 

<4 00> SEQUENCE: 

Val Ser Tyr Leu Ser Thr Ala Ser Ser Leu Asp Xaa 
l 5 10 

<210> SEQ ID NO 5 
<211> LENGTH : 7 
<212> TYPE , PRT 
<213> ORGANISM , Artificial Sequence 
,220, PEATtJRE:: 
<223> OTHER INFOR~ATION: mutated human antibody 

<400> SEQUENCE: 5 

Al a Al a Ser Thr Leu Gl n Ser 
l 5 

<210> SEQ ID NO 6 
<211> LENGTH, 17 
<212> TYPE, PRT 
<213> ORGANISM : Artificial Sequ@nce 
<220> FEATURE: 
<223> OTHER INFORMJ\.TIO!L mutated human antibody 

<400> SEQUENCE, 

Al a Ile Thr Trp Asn Ser Gly Hio Ile Asp Tyr Ala Asp Ser Val Glu 

Gly 

<2 10> SEQ ID NO 7 
<211> LENGTH, ll 
<212> TYPE, PRT 

5 10 15 

<213~ ORGANISM: Artificial Sequence 
<2 20> FEATURE: 
<223> OTHER INFORMJ\TION: mutated human antibody 

<400> SEQUENCE, 

Ar<o Al a Ser Gln Gly Ile Arg Asn Tyr Leu l\la 

<210> SEQ ID NO a 
<2 ll> LEHGTH , 5 
.;;:212.,. TYPE:: PRT 

5 10 

<213> ORGAN!SM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMJ\TION: mutated human antibody 

c400> SEQUENCE: a 

Aop Tyr Ala Met HiD 
1 5 

<210> SEQ ID NO 9 
<211> LEHGTH, 107 
<212> TYPE , PRT 
<213> ORGANISM , Artificial Sequence 
<220> FEATURE: 
c223> OTHER INFORl'ATION , mutated human antibody 

<400~ SEQUENCE, 9 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Ile Gly 
l 5 10 15 

Asp Arg Val Thr Ile Thr cys Arg Ala Ser Gln Gly Ile Arg Asn Tyr 
20 25 30 

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lye Ala Pro Lys Leu Leu Ile 
35 40 45 
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Tyr Ala Ala Ser Thr Leu Gln Ser Gly Val Pro 
50 55 

Ser Gly Ser Gly Thr Aup Phe Thr Leu Thr 
65 

Gl u Asp Val Ala Thr 
85 

Ala Phe Gly Gln Gly 
100 

<210> SEQ I D NO 10 
<211> LllliGTH: 121 
<212> TYPE: PRT 

70 

Tyr Tyr Cys Gln 

Thr Lys Val Glu 
105 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE, 

Lys 
90 

Ile 

Ile 
75 

Tyr 

Lys 

-continued 

Ser Arg Phe Ser 
60 

Ser Ser Leu Gln 

Asn Ser A.la Pro 
95 

<223> OTHER INFORMATION: mutated human anti body 

<400> SEQUENCE: 10 

Gly 

Pro 
80 

Tyr 

Gln Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Arg 
5 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asp Asp Tyr 
20 25 30 

Ala Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Asp Trp Val 
35 40 45 

Ser Ala Ile Thr Trp Asn Ser Gly His Ile Asp Tyr Ala Asp Ser Val 
50 55 60 

Gl u Gl y Arg Phe Ala Val Ser Arg Asp Asn Ala Lyo Aon A.l a Leu 
65 70 75 

Leu Gln Met Asn Ser Leu Arg Pro Glu Asp Thr Ala Val Tyr 
85 

Thr Lys Ala Ser Tyr Leu Ser Thr Ser 
LOO 105 

Gln Gly Thr Leu Val Thr Val Ser Ser 
115 120 

<210> SEQ I D NO 11 
<211> LENGTH : 9 
<212> TYPE : PRT 
~213> ORGANlSM; Artifici~l Sequence 
<220> FEATURE: 

90 

Ser Ser Leu Asp 

<223> OTHER INFORMATION: mutated human antibody 

<400> SEQUENCE: 11 

Gln Lys Tyr Asn Ser Ala Pro Tyr Ala 
5 

<210> SEQ ID NO 12 
<211> LENGTH: 9 
<212> TYPE: PRT 
<213> ORGANISM : Art i f i cial Sequence 
<220> FEATURE: 
<223> OTHER INFORMA.TION : mutated human antibody 

<4 00> SEQUENCE : 12 

Gln Lys Tyr Asn Arg Ala Pro Tyr Ala 
l 5 

<210> SEQ ID NO 13 
< 211> LENGTH : 9 
< 212> TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: mutated human antibody 

Aun 
110 

Tyr 
95 

Trp 

Tyr 
80 

Cys 

Gly 
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<400> SEQUENCE: 13 

Gln Lyo Tyr Gln Arg Ala Pro Tyr 'i'hr 
l 5 

<210> SEQ ID NO 14 
<211> LENGTH : 9 
<212> TYPE , PRT 
<213> ORGANISM , Artificial Sequence 
,220, PEATtJRE:: 

US 9,01 7,680 B2 

-continued 

<223> OTHER INFOR~.ATION: mutated human antibody 

<400> SEQUENCE: 14 

Gln Lyo Tyr Ser Ser Ala Pro Tyr Thr 
5 

<210> SEQ ID NO 15 
<211> LENGTH, 9 
<212> TYPE, PRT 
<2 13 > ORGANISM , Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMA.TION , mutated human 

<400> SEQUENCE, 15 

Gln Lyo Tyr Aon Ser Ala Pro Tyr 'i'hr 
s 

<210> SEQ ID NO 16 
<211> LENGTH , 9 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE: 

antibody 

<223::. OTHER INFORMATION: mutated human antibody 

<400> SEQUENCE: 16 

Gln Lys Tyr Asn Arg Ala Pro Tyr Thr 
l s 

<210> SEQ ID NO 17 
<211> LENGTH, 9 
<212> TYPE , PRT 
<213> ORGANISM , Artificial Sequence 
.;;:220> FEATURE ' 
<223> OTHER INFORMATION: mutated human 

<400> SEQUENCE: 17 

Gl n Lys Tyr Asn Ser Ala Pro Tyr Tyr 
l 5 

<'-lO> SRO TD NO 18 
<211> LENGTH ' 9 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<2 20> FEATURE: 

antibody 

<223> OTHER IllFORMA.TION: mutated human antibody 

<400> SEQUENCE , 18 

Gln Lyo Tyr Aon S~r Ala Pro Tyr Aon 
l s 

<210> SEQ ID NO 19 
<211> LENGTH, 9 

< 212> TYPE ' PRT 
< 213> ORG.l\Nl SM ' Artificial Sequence 
<220> FEATURE: 
<22l> OTHER INFORMATION: mutated human antibody 
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<400> SEQUENCE, 19 

Gln Lys Tyr Thr Ser Ala Pro Tyr Thr 
5 

<210> SEQ ID NO 20 
<211> LENGTH' 9 
<21h TYPE ' PRT 
<213> ORGANISM , Artificial Sequence 
<220> FEATURE' 

US 9,01 7,680 B2 

-continued 

,223, OTHER INFORMA.TION : mutated human antibody 

<400> SEQU~C£ : 20 

Gl n Lyo Tyr Aim Arg Ala Pro Tyr Arm 
1 5 

<210> SEQ ID NO 21 
<211> LENGTH, 9 
<212> TYPE, PRT 
<:213> ORGANISM: Artificial Sequence 
<220> FEATURE, 
< 2 23> OTHER INPORMA.TION, mutated human antibody 

<400> SEQUENCE, 21 

Gln Lys Tyr Asn Ser Ala Ala Tyr Ser 
l 5 

<210> SEQ ID NO 22 
<211> LENGTH, 9 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INPORMATION, mutated human antibody 

<400> SEQUENCE' 22 

Gl n Gln Tyr Asn Ser Ala Pro Asp Thr 
l 5 

<210> SEQ ID NO 23 
<211> LE:NGTH' 9 
<212> TYPE, PRT 
<213> ORGANISM , Artificial Sequence 
<220> FEATURE, 
.;;:223> OTUER IlH.'ORMATIOl~; mutated human antibody 

<400> SEQUENCE , 23 

Gl n Lyo Tyr Aan Ser Aop Pro Tyr Thr 
1 5 

<210> SEQ I D NO 24 
<'-lt"> LENGTH: 9 
<212> TYPE , PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INPORMA.TION, mutated human antibody 

<400> SEQUENCE ' 24 

Gl ·n Lys Tyr Ile Ser Al a Pro Tyr Thr 
l 5 

<210> SEQ ID NO 25 
<211> LENGTH, 9 
<212> TYPE, PRT 
< 213> ORG!\NlSM , Artificial Sequence 
< 220> FEATURE ' 
<223> OTHER INFORMA.TION' mutated human antibody 

<400> SEQUENCE, 25 
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47 

Gln Lyo Tyr Aon Arg Pro Pro Tyr Thr 
l s 

<210> SEQ ID NO 26 
<211> LE:NGTH , 9 
<212> TYPE, PRT 
<213> ORGANISM ' Artificial Sequence 
<220> FE:ATtJRe:, 

US 9,01 7,680 B2 

-continued 

<223> OTHER INFORl"ATION, mutated human antibody 

<400> SEQUENCE:, 26 

Gln Arg Tyr ADn Arg Ala Pro Tyr Ala 
1 s 

<210> SEQ ID NO 27 
<211> LENGTH, 12 
<212> TYPE, PRT 
<213:> ORGANISM: Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMA,TION : mutated human antibody 

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Asn 
1 s 10 

<210> SEQ ID NO 28 
<211> LENGTH, 12 
<212> TYPE:, PRT 
<213> ORGANISM : Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION' mutated human antibody 

<400> SEQUENCE, 28 

Al a Ser Tyr Leu Ser Thr Ser Ser Ser Leu Aop Lys 
1 5 10 

<210> SEQ I D NO 29 
<211> LENGTH , 12 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<2 20> FEATURE, 
<223> OTHER INFORMATION, mutated human antibody 

<400> SEQUENCE, 29 

Al a Ser Tyr Leu Ser Thr Ser Ser Ser Leu Acp Tyr 
1 s 10 

<210> SEQ ID NO 30 
<2 ll> LE:NGTH' 12 
<'-12'> TYPR: PRT 
<213> ORGANISM , Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION' mutated human antibody 

<400> SEQUENCE: , 30 

Al a Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Asp 
1 s 10 

<210> SEQ ID NO 31 
<211> LENGTH' 12 
<212> TYPE, PRT 
<213> ORGANISM, Artificial sequence 
< 220> FEATURE, 
<223> OTHER INFORMATION , mutated human antibody 
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49 

-continued 

Ala Ser Tyr Leu Ser Thr Ser Phe Ser Leu Aop Tyr 
1 5 10 

<210> SEQ ID NO 32 
<211> LENGTH , 12 
<212> TYPE , PRT 
oe;:2ll> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORl'.A.TION' mutated human antibody 

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Hia Tyr 
l 5 10 

<210> SEQ ID NO 33 
<211> LENGTH, 12 
<212> TYPE, PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMA.TION' mutated human antibody 

<400> SEQUENCE , 33 

Ala Ser Phe Leu Ser Thr Ser Ser Ser Leu Glu Tyr 
s 10 

<210> SEQ IO 110 liJ 

<211> LENGTH, 12 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMA.TION: mutated human antibody 

Ala Ser Tyr Leu Ser Thr Ala Ser Ser Leu Glu Tyr 
1 5 10 

<210> SEQ ID NO 35 
<211> LENGTH: 12 
<212> TYPE , PRT 
<213> ORGANISM: Artificial Sequence 
<2 20> FEATURE: 
<223> OTHER INFORMA.TION ' mutated human antibody 

<400> SEQUENCE' 35 

Val Ser Tyr Leu Ser Thr Ala Ser Ser Leu Asp Asn 
1 5 10 

<210> SEQ ID NO 36 
<211> LENGTH: 321 
<212> TYPE: DNA 
<'-13"> ORGANISM: ATtificial Sequence 
<220> FEATURE' 
<223> OTHER INFORMATION: mutated human antibody 

<400> SEQUENCE , 36 

gacatccaga tgacccagtc tccatcctcc ctgtctgcat ctgtagggga cagagtcacc 60 

atcacttgtc 999caa9tca 999catcaga aattacttag cctggtatca gcaaaaacca 120 

999aaa9ccc ctaagctcct gatctatgct gcatccactt tgcaatcagg ggtcccatct 180 

cggetcagtg gcagtggatc tgggacagat ttcactctca ccatcagcag cctacagcct 240 

gaagatgttg caacttatta ctgtcaaagg tataaccgtg caccgtatac ttttggccag 300 

gggaccaagg tggaaatcaa a 321 

<210> SEQ ID NO 37 
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-continued 

<211> LENGTH: 363 
<212> TYPE: DNA 
<213> ORGANISM: Artificial Sequence 
<220> PEATURE: 
<223> OTHER INFORl'ATION: mutated human antibody 

< 4 00 > SEQUE?ICE : 3 7 

gaggtgcagc tggtggagtc tgggggaggc ttggtacagc ccggcaggtc 

tcctgtgcgg cctct ggatt cacctttgat gattatgcca tgcactgggt 

ccagggaagg gcctggaatg ggtctcagct atcacttgga atagtggtca 

gcggactctg tggagggccg attcaccatc tccagagaca a cgccaagaa 

cctgagaccc 60 

ccggcaagct 120 

catagactat 180 

ctccctgtat 240 

ctgcaaatga acagtctgag agctgaggat acggccgtat attactgtgc gaaagtctcg 300 

taccttagca ccgcgtcctc ccttgactat tggggccaag gtaccctggt caccgtctcg 360 

agt 

What is claimed: 
1. A method of reducing signs and symptoms in a patient 

with moderately Lo severely active rheumatoid arthritis, com
prising: 

administering to said patient. in c<>mbination with meth
otrexate. a human anti-TNFa antibody. 

25 

363 

heavy ("V H") chain region comprising a CORI having 
the amino acid sequence of SEQ ID N0:8. a CDR2 
having the amino acid sequence of SEQ ID N0:6 and a 
CDR3 having the amino acid sequence of SEQ ID N0:4. 

2. TI1e method of claim l , wherein the v,_ chain region of 
the anti-TNFa antibody has the amino acid sequence of SEQ 
ID NO:l <1n<I the Vu ch<1in region of the anti-TNPa <1ntibo<ly 
has the amino acid sequence of SEQ ID N0:2. 

wherein the lrnman anti-TNl:'a antibody is administered 
subcutaneously in a total body dose of 40 mg once every 

30 
13-15 days, and 3. The method of claim J , wherein the dosage is adminis

tered fr<>m a 40 mg dosage unit form. wherein the anti-TNF a antibody comprises an JgG I heavy 
chain constant region; a variable light ("V L") chain 
region comprising a CORI having the amino acid 
sequence of SEQ ID N0:7. a CDR2 having the amino 
acid sequence of SEQ ID NO:S, and a CDR3 having the 
amino acid sequence of SEQ ID N0:3: and a variable 

4. The method of claim 3, wherein the V ,_chain region of 
tbe anti-TNFa antibody has the amino acid sequence of SEQ 
ID NO: I and t11e V H chain region <>fthe anti-TN Fa antibody 

35 has the amino acid sequence of SEQ ID N0:2. 

"' "' * * * 
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(74) Attorney, Agent. or Finn Dechert LLP 

(57) A BSTRAC T 
Methods of treating disorders in which TNFa. activity is 
detrimental via biweekly, subcutaneous administration of 
human antibodies, prefer.:ibly recombinant human antibod
ies. that specifically bind to human twuor necrosis factor er. 
(bTNFa) are disclosed. The antibody may be administered 
with or without methotrexate. T hese antibodies have high 
affinity for hlNFa. (e.g .. Kd; 10-s M or less). a slow otf rate 
for hTNFa dissociation (e.g., K0,r10-~ scc-1 or less) and 
neutralizehTNFaactivity in vitro and in vivo.An antibody of 
the invention can be a full-length antibody or an ru1 tigen
b inding portion thereof. Kits containing a pbannaceucical 
composit ion and instructions for dosing, and prcloadt'CI 
syringes containing pharmaceutical compositions arc also 
encompassed by the invention. 
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METHODS OF ADMJNISTERING ANTl-TNl~a 
ANTIBODrnS 

CROSS-REFERENCE TO RELATED 
APPLIC.ATIONS 

111e present application is a continuation of U.S. applica
tion Ser. No. I 0/ 163,657. filed on Jun. 5, 2002. which claims 
the benefit of U.S. Provisional Application No. 60/296,96 1. 
filed Jun. 8. 2001. Each of these <1pplica1ions is hereby incor
porated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

Tumor necrosis factor er. (TNFo.) is a cytokjne produced by 
nllUl1erous cell types, including monocytes ru1d macrophages. 
that was originally identified based on its capacity to induce 
the necrosis of certain mouse tumors (see e.g., Old. L. (1985) 
Science 230:630-632). Subsequently, a factor termed cachec
lin. associated with cachexia, was shown to be the same 
mo lecule as TNFa. TNFa has been implicated in mediating 
shock (sec e.g .. Bemler. B. and Cerami. A. (1988) Annu. Rev. 
8ioche111. 57:505-518; Beutler, B. and Cerami, A. (1989) 
.4nn11. Rev. l11111111110/. 7:625-655). Fur1hen nore. TNFct bas 
been implicated in the palhophysiology or a variety or otbcr 
hlllJllan diseases and disorders. including sepsis. i1tfections. 
nutoimnllme diseases. 1r<msplan1 rejection and graft-versus· 
host disease (see e.g., VasilJi. P. ( 1992) An nu. Re1:. !1111111mol. 
10:411-452: Tracey. K. J. ruid Cerami. A. (1994) Arn1U. Rev. 
Med. 45:491 -503). 

Beeauscofthe harmful role oflmman TNFa (hTNFa) in a 
variety of human disorders. 1herapeutic strategies have been 
desigll(.'d to inhibit or counteract hTNF<x activity. ln particu-
lar. antibodies tbat bind 10. a1Jd neutralize. hTNFcr. have been 
sought as a means to inhib it hT NFa activity. Some of the 
erul'liest of such antibodies were mouse monoclonal antibod
ies (mAbs). secreted by hybridomas prepared from lympho
cytes of mice immunized with hTNFa (see e.g., Hahn T; e1al.. 
(1985)Proc Natl A cat! Sci USA 82: 3814-3818: Liang, C-M., 
cl .al. (1986) Biochem. Biophys. Res. Commun. 137:847-854: 
Hirai, M .. et al. (1987) J. lm11111110/. Methods 96:57-62; 
Fendly. B. M .. et al. ( 1987) llybridoma 6:359-370: Moller, 
A., ct al. ( 1990) Cy1vkiue 2: 162-169: U.S. Pat. No. 5.231.024 
to Moeller et al.: Euro~1eau Patent Publication No. 186 833 BI 
by Wallach, D.: European Patelll Application Publication No. 
218 868 Al by Old et al.: European Patent Publ ication No. 
260 610 Bl by Moeller. A .. et a l.). While these mouse anti
hTNFa amibodies often displayed high a:ffinity for hTNFa 
(e.g .. Kds 1 o-9M) and wereablelo neutralize hTNF<xactivity, 
the ir use in vivo muy be limi ted by problems ussocimed with 
ad.ministration of mouse antibodies to humans. such as short 
serum halJ life. an inability 10 trigger certain human effector 
fimctions and elicitation of an unwanted immune response 
against the mouse antibody in a human (the "human anli
mouse amibody" (llAMi.\) reaction). 

In an anempl to overcome the prob.le1J1s associated w itb use 

2 
human-derived, have also bceu prepared (PCT Publication 
No. WO 92/11383 by Adai r. JJ. R .. et al.). However, because 
these chimeric ru1d humanized antibodies st ill retaiJJ some 
murine sequences. they st ill may elicit an unwanted immune 
react ion, the human anti-chimeric antibody (HACA) reac
tion, especially wbe11 administered for prolonged periods, 
e .g .. forcl\ronic indications. such as rheumatoid arthritis (see 
e .g ., Ell ion. M. J., et al. ( 1994) Lancet 344: 1125- 1127: Elliot . 
M. J.. et a l. ( 1994) l,ancet 344: 1105-1 110). 

10 A preferred hTNFa inhibitory agent to nnuine mAbs or 
derivatives thereof (e.g .. chiLneric or humanized antibodies) 
would be ru1 entirely human amti-bTNFa ant.ibody. since such 
an agent should not elicit the l-IAMA reaction. even ifused for 
prolongt.'<I periods. J-lmuan monoclonal autoantibodics 

15 aga inst hTNFa have been prepared using humru1 hybridoma 
1eclu1iques (Boyle. P. , et al. (1993) Cell. l11m111no/. 152:556-
568: Boyle. P., et al. (1993) Cell. l1111111111ol. 152:569-581: 
European Patent Application Publication No. 6 14 984 A2 by 
Boy le. et al.). However. these hybridorna-derived mono-

20 c lonal autoantibodics were reporled 10 have an affinity for 
bTNFa that was 100 low 10 calculate by co11velllio11al meth· 
o<ls. were tllli1ble 10 bind soluble hTNFa and were unable to 
neu1ral ize hTNFa-induced cytotoxicity (see Boyle. et al.: 
supra) . Moreover. the success of the human hybridoma tech-

25 nique depends upon the natural presence in human peripheral 
blood of lymphocytes produci11g autoantibodies specific for 
hTNFu. Certain studies have detected senuu autua11tibudies 
against hTNFa in human subj~'Cls (Fomsgaard, A .. el al. 
(I 989) Scami. l1111111mol. 30:219-223: Bendtzen. K .. et al. 

30 (1990) Prog. Le11kocy1e Biol. lOB:447-452). whereas 01hcrs 
have 001 (Leusch. 11-G .. el ai. (1991) J. !11111111110/. Methods 
139:145-147). 

Alternative to naturally-o ccurring human an ti-hTNFa 
antibodies would bea recombinant hTNFctai11ibody. Recom-

35 bi11ru11 human antibodies that bind hTNFa with rela tively low 
affi11ity (i .e .. K,,J0-7 M) and a fast off rate (i.e .. K

0
.r10·2 

sec- ') have beeJJ described (Griffiths. A. 0 .. e l al. (1993) 
EM.BO J. 12:725· 734). However. because of their relatively 
fast dissociation kinetics, these antibodies may not be suitable 

40 for therapeutic use. Additionally. a recombinant bumao anli
hTNFa has been described that does not neutralize hTNFa 
activity, blll rather enhances binding ofhTNFa to the surface 
of cells and enhances internalization ofhTNFo. (Lidbury. A , 
et al. ( 1994) Biotechnol. The1: 5:27-45: PCT Publication No. 

4 5 WO 92103 145 by As1on. R. et al.) 
Recombinant human antibodies that bin<l soluble bTNFa 

with higb affinity and slow dissociation k.inetics and lhat have 
the capaciiy to neutralize hTNF<x activity. includinghTNFa
induced cyto1oxici1y (in vitro and in vivo) and hTNFa-in-

50 duced cel l ;1ctiva1ion. liave als·o been described (see U.S. Pat. 
No. 6.090.382). Typical protocols for administering amibod
ies are p<!rforrned inm1venously on a weekly b<1sis. Weekly 
dosing with antibodies attd/or any drug can be costly, cum
bersome. and result in an iacrcasc in the munber oJ side 

55 effocts due to the lrequency of administration. Intravenous 
administration also has limitations in that tbe administration 
is usually provided by someone with medical train ing. of fully-murine antibodies in humans. murine anti-hTNF<x 

ant ibodies lwve been gcnc1ica lly engineered 10 be more 
"human-like." Forexan1ple. chimeric antibodies. in which the 
variable regions of the antibody chains are muri.ne--derived 6() 

and tbe constant regions of the antibody chains arc buman
derived. have been prepared (Knight. D. M. et al. (1993) Mol. 
lmmunol. 30: 1443-1453: PCT Publication No. WO 92116553 

SUMMARY OF THE INVENTION 

The present invcmion provides methods for biw<.>ekly dos
ing regimens for the treatment ofTNFa associated disorders, 
preferably via a subcmaneous rome. Biweekly dos ing has 
many advantages over weekly dosing including. but not lim
ited to, a lower uumber of total injections, decreased number 
of injection site reactions (e.g .. local pain ruid swelling), 
increased patient compliance ( i.e., due to less frequent injec-

by Daddona. P. E .. et a l.) . Additiona lly. humanized antibod
ies, in which the bypervariable domains of the autibody vari- 65 

able regions are murine-derived but the remainder of the 
variable regions and tbe anti body constant regions are 
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lions). and less cost to the patient as well as the health care 
pmvider. Subcutaneous dosing is advantageous because the 
patient may self-administer a therapeutic substance, e.g .. a 
human TNFa antibody, which is convenient for both the 
patient and the hea lth care provider. 

·n1is invention provides methods for treating disorders in 
wb.icb TNFa actjvity is detrimenta l. Tbe methods include 
administering biweekly. subcutaneous injections of alllibod-
ies to a subject The antibodies preferably are recombinant 
human antibodies that specifically bind to human TN Fa. This 
invention forther provides methods for treating disorders in 
which TNFa activity is detrimental. ll1ese methods include 
utilizing ;i combination therapy wherein lrnman antibodies 
are administered to a subject with another therapeu tic agent, 
such as one or more additional antibocLies that b ind other 
targets (e.g .. antibodies tbat bind other cyiokines or that bind 
cell surface molecules). one ormorecytokiDcs. soluble TNFa 
receptor(see e.g., PCT Publication No. WO 94/06476)and/or 
oi1e or more chemical agents that iul1ibit hTNFa production 
or activity (such as cyclohexane-ylidene derivatives as 
described in PCT Publication No. WO 93/J 9751). preferably 
methotrexate. 'The antibodies are preferably recombinant 
human antibodies that specifically bind lo human TNFa. Tue 
antibodies of the i1wention are characterized by binding to 
hTNFa with bigb affinity and slow dissoc ia tion kinetics and 
by neutralizing hTNFa activity. including hTNFa-induced 
cy101oxici1y (in vitro and in vivo) and hTNFa-induced cellu-
lar activation. The amibodies can be Jl11l-length (e.g .. an lgG I 
or 1gG4 antibody) or can comprise only a.n antigen-binding 
portion (e .g .. a Fab, F(ab')2 • scFv fragment or single domain). 
The most preferred recombinam amibody of the invention. 
ter med D2E7. has a Jig.ht chain CDR3 domain comprising the 
amino acid sequence <>f SEQ ID NO: 3 and a heavy chain 
CDR3 domain compri.sing the amino acid sequence oJ SEQ 
ID NO: 4 (set fonh in Appendix 13). Preferably, the D2E7 
antibody has a light chain variable region (LCVR) compris
ing the amlao acid sequence of SEQ JD NO: 1 and a heavy 
chaia variable region (HCVR) <.'Omprising the amioo acid 
soquenceofSEQ JD NO: 2. These antibodies aredcscri bed in 
U.S. Pat. No. 6,090.382. incorporated in its entirety bcrein by 
reference. 

In one embodimell'l, the invention provides methods of 
ti·cating disorders in which TNFa activity is detr imental. 
T1uese methods includ.e inhibiting bmnan TNFa activity by 
subcutaneous. biweekly administration of' an ami-TNFo.anti
body sucb that the disorder is treated. Thedisordercan be. for 
example, sepsis. an autoimmune disease (e.g .. rheumatoid 
anhritis. allergy, multiple sclerosis, autoimmune diabetes. 
aut·oinuuune uveitis aDd nephrotic syndrome). an infectious 
disease, a malignancy. transp lant rejection or gratl-versus
host disease. a pulmonary disorder. a bone disorder. an intes
linnl disorder or a cardiac disorder. 

4 
thereof. TI1eantibody or antigen-binding portion thereof pref
erably dissociares from humau TN Fa with a K.., of Ix I o-s M 
or less a11d a K0.I' rate consranl of I x10-3 s- 1 or less, both 
determined by surface plasmon resonauce. and neutralizes 
human TNFa cyiotoxicity in a standard in vitro L929 assay 
with an ICso of lx10- 1 Mor less. More prefer.ibly, the iso
lated human antibody, or an tigen-bincling portion thereof, 
dissociates from human TN Fa with a K

0
, of 5xl o-" s- 1 or 

less. or even more preterably. with a K0, of I xlO..., s-1 or less. 
10 More preferably. the isolated human an1ibody. or antigen

binding portion thereof, neutralizes human TN Fa cytotox.ic
ily in a standard in vitro L929assaywith an IC50of lxl0-8 M 
or less, even more preferably with an IC5 0 ofl x 10-" Mor less 

15 alld still more preferably with an IC50 of I x10-10 M or less. 
In another embodiment. the i1ivention provides m etbods of 

lre<1li11g lliwrdt:rs i11 which TNFu activity is detri.1mmtal by 
the biweekly. subcuta11eotts ad.ministration 10 l11e subject a 
human antibody. or antigen-binding portion thereof.111e anti-

20 body or antigen-binding portion thereof preferably has 1he 
following cbarac1eris1ics: 

a) dissociates from bumanTNFa with a K
0
ffof l x Jo-3 s-1 

or less, as detcrmin<xl by surface plasmon resonance; 
b) bas a light chain CDR3 domain comprising the amino 

25 i1cid sequence of SEQ ID NO: 3, or modified from SEQ lD 
NO: 3 by a single alanine substi11nio11 at position I . 4. 5. 7 or 
8 or by one to five conservative amino acid substit~t lions at 

positions I. 3. 4. 6. 7. 8 and/or 9; 
c) bas a heavy chaill CDR3 domain comprising the amino 

30 acid sequence of SEQ ID NO: 4. or modified from SEQ JD 
NO: 4 by a single alanine substitution at position 2 . 3. 4. 5, 6, 
8. 9. JO or 11 or by one to five conservative amino acid 
substitutions at positions 2. 3. 4, 5. 6. 8. 9. JO.JI and/or 12. 

More preferably. the amibody. or antigen-binding portion 
35 thereot~ dissociates from human TN Fa with a K

0
,.of 5xJ O""" 

s-• or less. Still more preferably. the antibody. or antigen
binding ponion l11croof. dissociates from buman TNFa with 
a K

0
ffor Ix I 0-4 s-• or less. 

ln yet another embodime11t, l11e invention provides metli-
40 ods of treating disorders in which TNFa activity is detrimen

tal. 111ese methods include a biweekly. suhcutaoeous admin
istration to tl1e subject a human antibody, or an antigen
binding portion thereof TI1c antibody or antigen-binding 
portion thereof preferably comains an LCVR having CDR3 

4 5 domain comprising the amino· acid sequence of SEQ ID NO: 
3. or modified from SEQ ID NO: 3 by a single alanine sub
stitution at posit ion I, 4, 5. 7 or 8, and with an HCVR having 
a CDR3 domain comprising the filnino acid sequence of SEQ 
fD NO: 4, or modified from S EQ ID NO: 4 by a single alanine 

50 subst itution at position 2. 3, 4. 5, 6. 8. 9. 10 or 11. More 
preferably. the LCVR further bas a CDR2 domain comprising 
the amino acid sequence of SEQ ID NO: 5 aud the []CVR 
further has a CDR2 domain comprising the amino acid 
sequence of SEQ JD NO: 6. S1ill more preferably. the LCVR 

ln anorberembodiment. the invention provides methods of 
treating disorders in which TNFa activity is detrimental. 
These methods includ.c inhibiting human TNFu activity by 
sulbcutaoeous administration of an anti-TNFa ant ibody and 
methotrexate such that the disorder is treated. In one aspect. 
mcthotrexalc is administered together with an anti-TNf u 
an1ibody. In another aspect, methotrexate is administered 
prior to thc administration of an anti-TN Fa antibody. Ju still 6() 

an.other aspect. metholrexate is administered subsequent to 
the ad.ministration of an ant i-TNFa antibody. 

55 fitrthcr bas CDRI domain comprising the amino acid 
sequence of SEQ JI) NO: 7 and tbe HCVR has a CDRJ 
domain comprising the amioo acid seq11e11ce of SEQ lD NO: 
8. 

In still another ernbodimenl. the invention provides meth
ods of treating disorders in which TNFa activiry is detrimen
tal by subcutaneously administering to the subject. biweekly, 
an isolated lnunan antibody. or an antigen binding portion 
thereof. T he antibody oraotigen-biodingportion tl1e reof pref
erably c.ontains an LCVR comprising tbe amino acid 

Jn a preferred embodiment, the anti-TNFa anti body used 
lo treat disorders in which TNFu activity is detrimental is a 
human fillli-TNFa ru11 ibody. Even more preferably. treatrnen1 65 

occurs by the biweekly. subcutaneous administration of an 
isolated human antibody, or an Mtigen-binding portion 

sequeuce of SEQ ID NO: J and an 1-1c-.1~ comprising the 
amino acid sequence of SEQ II) NO: 2. In certa in embodi-
ments, the antibody has an lgG I heavy chain constant region 
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or an lgG4 beavy chain constant region. In yet other embodi
ments. the amibody is a Fab fragmem. an P(ab')2 fragment or 
a single chain Fv fragment. 

In still other embodiments, the invention provides methods 
of treating disorders in which U1e admi11istration of an anti
TNFn antibody is beneficial by subcutruJcously admiuister-

6 
physical function: BP. bodily pain: GU. general health: V. 
vitality; SF. social functioning: RE, role emotional; and ME. 
mental health. 

FJG. 5 depicts the percentage of ACR responders following 
a single intravenous i1tjectio11 oflhe antibody D2E7 and meth
otrexatc in patients suJJering from RA. 

DE'JAILED DESCRIPTION OF THE INVENTJON 

This irwention pertains to methods of treating d isorders in 
which the adlJlinjstration of an anti-TNFa antibody is ben-
eficial comprising the administration of isolated human anti
bodies, or antigen-binding portions thereof. that bind 10 
human TNFa with high affinity. a low oIJ rate and high 
neutralizing capacity such that the disorder is treated. Various 
aspects of the invention relate 10 treatmcnl with onLibodies 
<ind antibody fragmeJJts, and pham1aceutical compositions 
t:h1Jr1Jof. 

In order that the present invention may be more readily 
uoderstood, certain terms arc first defined. 

iog to the subject. biweekly, one or more anli-TNFa antibod
ies, or antigen-binding portions thereof. 1be antibody or 
ant igen-binding portion thereof preferably contains an LCVR 
having CDRJ domain comprising an amino acid sequence 

10 

selected from the group consisting of SEQ 10 NO: 3. SEQ ID 
NO: I l. SEQ ID NO: 12. SEQ ID NO: 13. SEQ ID NO: 14. 
SEQIDNO: JS.SEQ IDNO: 16,SEQlDNO: 17,SEQID 
NO: 18. SEQ ID NO: 19. SEQ ID NO: 20. SEQ ID NO: 21, 15 
SEQ ID NO: 22. SEQ [D NO: 23. SEQ JD NO: 24. SEQ ID 
NO: 25. SEQ lD NO: 26 ur with au £-ICVR havi11g ~ CDR3 
domain comprising an amino acid sequence selected from the 
group consisting of SEQ 1D NO: 4, SEQ II) NO: 27. SEQ ID 
NO: 28. SEQ 10 NO: 29. SEQ ID NO: 30. SEQ ID NO: 3 1, 20 
SEQ JD NO: 32. SEQ LD NO: 33, SEQ ID NO: 34 and SEQ 
IDNU: 35. The term "dosing". as used herein. refers to the adminis

tration of a substance (e.g._ an anli-TNFa antibody) to 

achieve a therapeutic objective (e.g.. the treatment of a 
25 TNl~a-associated disorder). 

Still another aspect of the invention pertains to kits con
taining a fomrnlation comprising a phannaceutical composi
tion. "l11e kits comprise an anti-TNFo. ant ibody and a phar
maceutically acceptable carrier.111e kits contain instructions 111e terms "biweekly dosing regimen", "biweekly dosing". 

and " biweekly administration". as used herein. refer 10 the 
time course of administering a substance (e.g .. an anti-TN Fa 
antibody) to a subject to achieve a therapeutic objective (e.g .. 

30 the treatment of a TNC'a-associated disorder). ·n1e biweekly 
dosing regimen is not intended to include ft weekly dosing 
regimen. Preferably. the substance is administered every 9-19 
days. more preferably, every 11-17 days, even more prefer-

for biwec:kly subcu1aueous <losing of the plmnnaccutical 
composition for the rreatment of a disorder in which the 
i1cL11.inis11<1tion of an a111i-TNfo. antibody is beneficial. In 
a11other aspect. the invention pertains to kjts containing a 
formulation comprising a pbannaecutical composition. fur
ther comprising an am i-TNfa antibody. mcthotrexatc. and a 
pharmaceutically acceptable carrier. The kits contain instrnc
tions for subcutaneous dosing of tbe plwmwceutical compo
sition for the treatment of a disorder in which the administra- 35 
tion of an ant i-TNFa ant ibody is beneficial. 

ably, every 13- I 5 days. and most preforably. eveiy 14 days. 
·n1e te nu "combination therapy". as used herein. refers to 

the administration of two or more therapeutic substances, 
e.g .. an anti-TNFa antibody i1nd the dnig rnctiiotrcxatc. The 
methotrexate may be administered concM1itant with. prior 
to. or following the acLuinistration of an anti-TNFct antibody. 

Still aoother aspect of the invention provides a preloaded 
sy!ringe containing a pharmaceutical composition comprising 
an anti-TNfa antibody and a phanuaceutically acceptable 
cairrier. ll1 still another aspect. the invent ion provides a pre- 40 

loaded syringe conta ining a phannaceutical composition 
comprising an anti-TN Fa antibody, methotrexaie. and a phar
maceutically accepmb le carrier. 

The tern1 "human TNFo." (abbreviated herein as hTNFa. 
or simply hTNF). :is used herein, is intended 10 refer lo a 
human cytokine that exists as a 17 kD secreted form and a 26 
kl) membrane associated form. the biologically active fonn 
of wltich is composed of a trimer of noocovalently bound 17 

BRJEF DESCRIPTION OF THE DR.'\WJNGS 

F!G. l depicts the American College of Rhew1iatology 20 
(ACR20) and ACR50 responses for patients suffering from 
rheumatoid arthritis (RA) after subcutaneous dosing with the 
mnibody D2E7 every week for a total of twelve weeks (top), 
or subcutaneous dosing with the antibody D2E7 and meth
otrexme every other week (bottom) for a total of twenty-four 
weeks. ·mese data ind icate that every other week dosing is as 
effective as every week dosing. 

FlG. 2 depicts ACR20. ACRSO. and ACR70 responses for 
pa1ienrs sufferiog from RA after subcutaneous dosi11g with 
the antibody D2E7 and methotrexare every other week a t 
twenty-four weeks. 

FIGS. 3A and 3B depict time courses of tender joint count 
(3A) and swo lien joint count (3 8) over twenty-four weeks for 
patients suffering from R.i\ after subcutam'Ous dosing with 
D2E7 and methotrexate every other week at twenty-four 
weeks. 

FlGS. 4A and 48 depict results from a short form health 
su!rvcy (SF-36) from patients suffering from RA after subcu
taneous dosing with 1be antibody D2E7 and methotrexate 
every other week at twenty-four wt.-eks. RP: ro.le physical; PF, 

45 kD molecules. 111e s1r11cture ofTNFo. is described furU1er in, 
for example, Pcnnica, D .. et al. (1984) Na1ure 312:724-729: 
Davis, .I . M .. et al. (1987) /Jiochemislry 26: 1322- 1326: and 
Jones. E. Y.. cl al. (1989) Na111re 338:225-228. The term 
human TNFa is intended to include recombinant human 

50 TNFa (rhTNFa). which e<111 be prepared by sl!lndard recom
binant ex.prcssion mcthods or purchased conuncrcially (R & 
D Systems. Catalog No. 2 10-IA, Mil1Jlcapolis. Minn.). 

111e term "antibody". as used herein. is intended 10 refer to 
immunoglobulin molecules comprised of four polypeptide 

55 chains, two heavy (H) chains and two light (L) chains inter
connected by disulfide bonds. Each heavy chail1 iscoo1prised 
ofa he<JVY chain variable region (abbreviated herein as l lCYR 
or Vll) and a heavy chain constant region. The heavy chain 
constant region is comprised o f three domains. CH L. CH2 and 

6() CI-13. Each light chain is comprised ofa light chain variable 
rt.-gion (abbreviated herein as LCYR orVL) and a light chain 
constalll rt.-gion. 1l1c light chain constru1t region is comprised 
of one domain, CL. Tbe VH and VL regions can be further 
subdivided into regions or hypervariability, tem1ed comple-

65 mcnrnrity detennining regions (CDR). interspersed witb 
regions that are more conserved. tenned framework regions 
(FR). Each VH and VL is composed of three CDRs and four 
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FRs, arranged from amino-terminus to caiboxy-terminus in 
the following o rder: FR I . CDR I . FR2. Cl)R2, FR3. CDR3, 
FR4. 

"file term "antigen-binding portion" of an amibody (or 
simply "antibody portion''). as used herein. refers to one or 
more fragments of an antibody that retain the ability to spe
cifically bind 10 an antigen (e.g ., hTNFa.). It has been shown 
tha t tl1e ant igen-binding fl.mction of an antibody can be per
for med by fragments of a foll-leug1h antibody. Examples or 
binding fragments encompassed within tbe term ·•antigen-

10 

binding portion" of an antibody include (i) ;1 fab fragment . ~ 

monovalent fragment consisting of the VL. VH. CL and CH I 
domains: (ii) a F(ab'), fragment. a bivalenr fragmemcompris
ingtwo Fab fragments linked by a disulfide bridge at the binge 15 
region; (iii) a Fd fragment consisting of the VH and CHI 
du11rni11s; (iv) a Fv frn~m:111 co11si~ti11g of tJ1c VL mu] VH 
domains of a single arm of an antibody. (v) a d.A.b fragment 
(Ward e t al., (1989)/l'a/ure341 :544-546), which consists ofa 
Vl1 domain: and (vi) an isolated complementarity determin- 20 
ing region (CDR). Furthermore. although !'.he two domains of 
the Fv fragment, VL and VH. Me coded for by scpMate genes. 
they can be joined. using recombinant methods. by a synthetic 
linker that e nables them to be made as a single protein chain 
in which the VL and VH regions pair to form monovalent 25 
molecules (known as single chain Fv (scFv); see e.g .. Bird et 
al. (1988) Science 24-2:423-426: und Huston et al. (1988) 

Proc. Narl. 1lcad. &i. US/l 85:5879-5883). Su1.:b tiing.lu 1.:bain 
an1ibodies are also intended to be encompassed within the 
term "amigen-binding, portion" of au antibody. Other forms 30 

of single chain antibodies. such as diabodies are also encom
passed. Dia bodies are bivalent, bispecific amibodies in which 
V[-J and VL domains are expressed on a single polypeptide 
chain. but usiug a linker that is too short to allow for pairing 

35 
between the two doma.ins on the S<lme chain. thereby forcing 
the domains to pair with complementary domains of another 
chain and creating two antigen binding sites (see e.g .. IJol
liger. P .. et al. ( 1993) Proc. Natl. Acad. Sci. USA 90:6444-
6448: Poljak.. R. J..et al. (1994)Structure 2:1 12 1-1 123) . 40 

St ill .further, an autibody or autigen-bindiug port ion tl1ereof 
may be part o f a larger immunoadhesiou molecules. formed 
by covalent or noncovalcnt association of the antibody or 
amibody portion with one o r more other proteins or peptides. 
E1'amples of s uch i11UJmnoadhesion molecuJes include use of 4 5 
the strcptavidin core region to make a tetrameric scFv mol
ecule (Kipriyanov. S . M ., et al. ( 1995) J /1111ra11 Anribodies and 
/1ybrido111as 6:93-10 I )and use ofa cysteinc residue. a marker 
pep1ide and a C-tenninaJ polyhistidine tag to make bivalent 
i:md bio tinylmed scFv molecules (Kipriyanov. S. M., et al. 50 

( 1994) Mo/. /11111111110!. 31: 1047-!058). Antibody portions. 
such as Fab and F(ab'h fragments, can be prepared from 
whole antibodies using conventional techniques, such as 
papa.in or pepsin digestion, respectively. of whole antibodies. 
Moreover. antibodies. antibody portions and imnmnoadhe- 55 
sioo molecules can be obtained usiJ1g standard recombinalll 
DNA techniques. as described herein. 

TI1e tenu "human antibody". as used herein. is intended to 
include antibodies having variable and constant regions 
derived from human germline immunoglobulin sequences. 6() 

TIJ.e human antibodi...-s of the inveut iou may include amino 
acid residues not encoded by human genuline immunoglo-
bu lin sequences (e.g .. mutations introduced by random or 
site -speci fic mutagenesis in vitro or by somatic mutation iu 
vivo). for example in tbe CDRs and in particular CDR3. 65 

However. the tenn "human antibody"'. as used herein. is not 
innended to include antibodies in which CDR sequences 

8 
derived from the germl ine of another mammaliau species. 
such as a mouse. have been grafted onto htunan framework 
sequences. 

The term "recombinant human antibody", as used herein, 
is intended to include all human ant ibodies that are prepared, 
expressed, created or isolated iby recombinant memJS. such us 
autibod.ies expressed using a recombinant expression vector 
transfecwd into a host cell (described further in Scctiou Il, 
below), antibodies isolated fro m a recombinant. combinato
rial human antibody library (described further in Section IIl. 
below), ant ibodies isolated from an animal (e.g., a mouse) 
that is transgenic ror hum~111 immunoglobulin genes (see e.g .. 
Taylor. L. D .. el al. (1992)Nuc/. Acids Res. 20:6287-6295) or 
antibodies prepared, expressed, created or isolated by any 
o ther means that involves splicing of human immunoglobulin 
gene sequences to o ther DNA sequences. Such recombinant 
human antibodies have variab le and constant regions derivl.'CI 
from human gennline immunoglobulin sequences. In certain 
embodiments. however, such recombinam humau antibodies 
are subjected to in vitro mutagenesis (or, when m1 animal 
transgenic for htunan Ig sequences is used, in vivo somatic 
mutagcnesis) and thus the au1ino acid sequences of the VH 
and VL regions of the recombinant· antibodies are sequcuces 
that, while derived from a nd related to human gennJine VH 
and VL S<.'queuces, may not naturally exist within the human 
antibody gennline repertoire in vivo. 

:\.n "isolated antibody". as used herein. is imcnd.cd 10 rcfor 
10 an ant·ibody that is substantially free of' other antibodies 
having diflcreut antigenic specificities (e.g .. an isolated anti
body that specifica lly binds bTNFa. is substantially free of 
antibodies that specifically bind antigens other than bTNFo.). 
An isolated antibody that specifically binds hTNFa may. 
however. have cross-reactiviiy to other antigens, such as 
hTNFa. molecules from 01he1r species (discussed in further 
detail below). Moreover. an isolated ant ibody may be sub
stantially free of otber cellular material and/or chem.icals. 

A "nelltralizing antibody". as usedherciu (or an "antibody 
that neutralized bTNFa act ivity"), is intended 10 refer to an 
amibody whose binding to bTNFa results in inhibition of the 
biological activity ofhTNFa.. This inhibit ion of the biological 
activity ofJ1TNFu can be assessed by measuring one or more 
indicators of h1NFa. biological activity, such as hTNFa.
induccd cytotoxicity (either in vitro or in vivo) . hTNFa
iuduced cellular acti vation and hTNFa binding to hTNFa. 
receptors. These iudicators of hTNFa. biological activity can 
be assessed by one or more of several standard in vitro or in 
vivo assays known in tbe art (see 8xample 4 ). Preferably. the 
abilityofan antibody to neutralize hTN'Faactivity is assessed 
by inhibition of bTNFa-induccd cytotoxicity of L929 cells. 
As an additional or alterna tive paromcter of hTNFa. activity. 
the ability of an antibody to inhibit hTNFa-induccd exprcs
siou of ELAM-I on !IUVEC, as a measure of bTNFa.-in
duced cellular activation, can be assessed. 

The term "surface plasmon resonance". as used here in. 
refers to an optical phenomenon that allows for the analysis of 
real-time biospecific interactions by detection of a lterations 
in protein conce111rations within a biosensor matrix, for 
example using the 131Acorc system (Phanuacia Biosensor 
AB. Uppsala. Sweden and Piscataway. N.J.). For further 
descriptions, see Example I and JOnsson, U .. e t al. ( 1993) 
A1111. Biol. C/in. 51 :19-26: Jonsson. U .. et al. (J 991) Biotech
niques 11 :620-627: .lolUJsson. B .. ct al. ( 1995) J. Mo/. Rec
og11it. 8: 125-131; and Jolumson, B., et al. (1991) Anal. Bio
chem. 198:268-277. 

l11e term ''K0j '. as used b.erei.n. is iutended 10 refer 10 the 
off rate constant for dissociation of an antibody from the 
antibody/a ntigen complex. 
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TI1c tem1 "K,;', as used herein. is intended to refer to the 
dissociation cons1a111 of a particular antibody-antigen inter
action. 

·n1e tem1 "nucleic acid mo lecule". as used herein. is 
intended to iuclude DNA molecules and RNA molecules. A 
nucleic acid mo lecule may be single-stranded or double
stranded. but preforably is double-stranded DNA. 

The term "isolatt.-d nucleic acid molecule", as used herein 
in reference to nucleic acids encoding antibodies or antibody 
portions (e.g., VH, VL. CDR3) that bind hTNFa. is intended 
to refer to a nucleic acid molecule in which the nucleotide 
sequences encoding the antibody or antibody portion are free 
of other nucleotide sequences encoding antibodies or anti
body portions that bind antigens other thun hTNFa, which 
otber sequences may naturally !lank the nucleic acid in 
hWJmn genomic DNA. ·nms. for example. an isolated nucleic 
acid of the invention encoding a VII region ofananti-hTNFa 
antibody contains no other seque11ces e11coding other VH 
reg ions thai bind antigens other than hTNfa. 

111e term "vector". as used herein. is intended to refer to a 
nucleic ac id molecule capable of trausponing another nucleic 
acid to which it has been linked. One type o f vector is a 
"plasmid". which refors to a circular double stranded DNA 
loop into which additional DNA segments may be ligated. 
Another type of vector is a viral vector, wherei.n additional 
DNA segmellts may be ligated into the viral gellome. Certain 
v<..'CtOrs arc capable of autonomous replicaiion in a hosi cell 
in!o which they are int roduced (e.g .• bacierial veciors having 
a bacterial origin of replication and cpis.omal mammalian 
vectors). Other vectors (e.g .. no o-episomal mmnmaliao vec
tors) can be illtegrated into the genome of a host cell upo n 
iinroduction into the host cell. and thereby are replicated 
along with the host genome. Moreover. certain vectors arc 
capable of dirC.'Cling the expression of genes to which they are 
operatively linked. Such vectors are referred to herein as 
"recombinant expression vectors" (or simply. "expression 
vectors"). ln general. expression vectors of utility in rccom
bina111 DNA techniques are often in the fom1 of plasmids. In 

10 
D2E7 VL region is shown in SEQ ID NO: J: the amino acid 
sequence of the D2E7 VH region is shown in SEQ ID NO: 2). 
The properties ofD2E7 have been described in Salfeldet al., 
U.S. Pat. No . 6,090,382, which is incorporated by reference 
herein. 

In one aspect. the inven1ion pertains to treating disorders in 
which the administration o f an anti-TNFcx antibo.dy is ben
eficial. ll1ese treatments include 1l1e biweekly, subcutaneous 
administration of D2E7 antibodies and antibody ponions, 

10 D2E7-related antibodies and antibody portions. and other 
human antibodies and amibody portions with equivalent 
properties to D2E7. such as high affinity binding to hTNFo: 
wiih low dissociation ki11et ics and high neu tralizing capacity. 
In one embodiment. the invention provides treauncnt with an 

15 isolated human antibody. or an antigen-binding portion 
tl1ereof, that dissociates from human TNFa with a Kd of 
Ix I 04 Mor less and a K.;rrate constant of Ix Io-·• s-• or less, 
both detennined by surface plasmon resonance, a1ld neutral
izes human TNFo: cytotoxicity in a standard in vitro L929 

20 assay with an IC50 of I xi 0-7 Mor less. More preferably. the 
isolated buman antibody. or amigen-bincting portio n thereof. 
dissociates from human TNFa with a K.,Jf?f5x 104 or less. or 
even more preferably. with a IK.

0
.rof l x IO" s- 1 or less. More 

prefenibly. the isolated human antibody, or antigen-binding, 
25 portion 1bert'Of. neutralizes luunall TNFa cytotoxicity in a 

standard io vitro L929assay with an JC50 oflx10- 11 Mor less. 
even more preferably with an JC50 of lxJ0- 9 Mor less and 
still more preforably with an IC,0 of J x 10-10 M or less. In a 
preferred embodiment. the antibody is an isolated human 

30 recombioanl antibody, or au aniigen-b iod.ing ponion thereof. 
It is well known in the an that antibody heavy and light 

chain CDR3 domains play an imponant role in the binding 
specificity/a1linity of an antibody for au antigen. Accord
ingly. in another aspec1. the i1ivention pertains lo methods of 

35 treating disorders in which the ad.ministration of an anli
TNFa a1t1ibody is beneficial by subcutaneous administration 
of human amibodies I.hat have slow dissociation kinetics for 
association with hTNFet and vbat have light and heavy chain 

the present specification, "plasmid" and "vector" may be used 
interchangeably as the plasmid is the most commonly used 40 

for m o f vector. 1-lowever. the invention is i1.1tended to include 
such other fonns of expression vectors, such as viral vectors 
(e.g .. replication ddective retroviruses. adenovinises and 
adeno-associa ted viruses), which serve equivalent functions. 

CDR3 domains that structurally are identical to or related to 
those of D2E7. Position 9 of the D2E7 VL CDR3 can be 
occupied by Ala or 111r without substantially a11ecting the 
K<!d' Accordingly, a consensus motif for the D2E7 VL CDR3 
comprises the amino acid sequence: Q-R-Y-N-R-A-P-Y-(T/ 
A)(SEQ JDNO: 3).Additionally.position l2oftbe-D2E7YL-l 
CDR3 can be occupied by Tyr or Asn, without sub stantially 
affecting the K.,.r Accordi11gly, a consensus motif for the 

111e 1em1 "recombiuant host cell" (or simply "host cell"). 45 
as used herein. is intended to refer to a cell into which a 
recombinant expression vector has been introduced. II should 
be understood that such terms are intended lo refer not only lo 
the particular subject cell but 10 the progeny or such a cell. 
Because certain modificmio ns nuty occur in succeeding gen
erations due to either mutation or environmental influences, 
such progeny may not. in fact. be identical to the parent cell. 
but are still inc luded within the scope of tbe term "host cell" 
as us~'CI herein. 

\arious aspects of lhe invention arc described in funher 
detail in the following subsections. 
I. 1-luman Ant ibodies thm Bind lluman TNFa 

TI1is invention provides methods of treating disorders in 
which the administration o f an anti-TNFa antibody is ben
eficial. ·1bese methods include tl1e biweekly, subcutaneous 
administration of isolated human antibodies, or antigen-bind
ing portions thereof. that bind lo hw1ia11 lNFa with high 
affinity. a low ofT rate and high neutralizing capacity. Prefer
ably. the human antibo dies o f the invention are recombinant, 
ue111ralizing human aDti-bTNFo: antibodies. Tbe most pre
ferred recombinant, neutralizing ant ibody o f the invent ion is 
referred 10 herein as D2E7 (the amino acid sequence of the 

026 7 VH CDR3 comprises the amino acid sequence: V-S-Y
L-S-T-A-S-S-L-D-(Y/N) (SEQ ID NO: 4) . Moreover. as 
demonstrated in Example 2 of U .S. Pat No. 6,090.382. the 

50 CDR3 domain of the D2E7 heavy and light chains is ame
nable 10 substinttion witl1 a singJealaitine residue (a t position 
I . 4. 5. 7 or 8 witl1ill the VL CDR3 or at position 2, 3. 4. 5, 6, 
8, 9, 10 o r 11 within the VH CDR3) without substantially 
alfocting the K.,_u· Still further. the skilled artisan will appre-

55 ciatc that. given the amen.ability of the D2E7 VL and VI-I 
CDR3 do mains to subs1i1Ut ions by alan.iue. substitution of 
o ther amino acids within the CDR.1 domains may be possible 
while still retaining the low off rate constant of the antibody, 
in panicular subst itutions with conservative amino acids. A 

6() "conservative amino ac.;d substitution". as used herein, is one 
ill which one amino acid residue is replaced with another 
amino acid residue having a similar side chain. Families of 
amino acid residues having similar side chains have been 
defined in the art. including basic side cbains (e.g .. lysine, 

65 a~inine. histidine), acidic side ch(lins (e.g .. asp:anic acid, 
glutamic acid), uncharged polar side chaias (e.g., glycine. 
asparagine, glu1amine, serine, threonine. tyrosine, cysteine). 
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nonpolar side cbains (e.g .. alanine, valine. leucine, isolcu
cine. proline. pbenylalan ine. metl<ionine. tryptophan). beta
branched side chains (e.g .. threonine. valine, isoleucine) and 
aromatic side chains (e.g .. tyrosine. phenylalanine, tryp
tophao. histidine). Prcforably. no more tb<•D one to five con
scrvmivc amino ncid substitutions urc made within the D2E7 
VL aodlor VH CDRl domains. More preferably, no more 
than one to three conservative amino acid substitutions are 
made within the D2E7 VL and/or VH CDR3 domains. Addi 
tionally. conservat ive amino acid substitutions should not be 
made at amino acid positions critical for binding to hTNFa. 
Positions 2 and 5 of the D2E7 VL CDR3 and positions I and 
7 of the D2E7 VH CDR3 appear lo be critical for interaction 
with bTNFa and Lbus. conservative runino acid substitutions 
preferably are not made at these positions. (although an ala
nine substitu tion at position 5 of the D2E7 VL CDR3 is 
acceptable, as described above) (sec U .S. Pat. No. 6.090,382). 

Accordingly, in ruiother embodiment. 1he invent ion pro
vides methods of treating disorders in which the administra
tion of ru1 anti-TNFa antibody is beneficial by the biweekly. 
suibcutaneous adminis1ra1ion or au isolated human antibody. 
or antigen-binding portion Lbereof. 'Oie a1ltibody or amigen
bimding pon ioa thereof preferably contains the following 
characterist ics : 

a) dissociates from human TNFa with a K0.rrate coostaol 
oft x10-:i s- ' or less, as detenni11ed by surface plasmon reso
nance: 

b) has a ligh1 ch~1i n CDR3 domain compri sing the amino 
acid sequence of SEQ lD NO: 3. or modified from SEQ ID 
NO: 3 by a single a lau:i11e substitution at position I. 4. 5, 7 or 
8 o r by one to five conservat ive run ino acid substitutions a t 
posit ions I. 3. 4. 6. 7. 8 and/or 9: 

c) has a heavy chai11 CDR3 domain comprising the amino 
acid sequence of SEQ ID NO: 4. or modi11ed from SEQ ID 
NO: 4 by a single alanine s ubstitution at position 2. 3. 4 , 5. 6. 
8. 9 . . 10 or I I or by one to five conservative amino acid 
substitutions at positions 2. 3. 4. 5. 6, 8. 9. 10. J J and/or 12. 

12 
FIGS. !A and JB of U.S. Pa t. No. 6,090.382. The framework 
regions for VH preferably are from the V113 lnunall gennline 
fami ly, more preferably from the DP-31 human gem1line VH 
gene and most preferably from the D2E7 VH framework 
sequences sbown in FlGS. 2A and 2B U.S. Pat. No. 6.090. 
382. 

Ln still another embodiment. the invention provides meth
ods of treating disorder.; in which the administration of an 
anti-TNFa antibody is beneficial by the biweekly, subcuta-

10 neous administration of all isolated human antibody, or au 
antigen binding portion thereof. TI1e antibody o r antigen
binding p ortion thereof prefembly contains a light chain vari
able rt:gio n (LCVR) comprising the amino acid sequence of 
SEQ ID NO: I (i.e., the D2E7VL) and a hcavychHin variable 

15 region (1-ICVR) compr ising the amino acid sequence of SEQ 
ID NO: 2 (i.e .. the D2E7 VH). In certain embodiments. the 
amibody compris<.-s a heavy chain constanl region, such as an 
IgG 1. JgG2. JgG3, lgG4. lgA, lgE, lgM or lgD constant 
region. Preferably. the heavy chain constaill region is an IgG I 

20 heavy chain constaot region 01r an lgG4 heavy chai 11 constant 
region. Furthermore. theamibody can comprise a light chain 
constant region, either a kappa light chain constant region or 
a lambda light chain constant region. Preferably, tbe antibody 
comprises a kappa light chain constant region. Altematively. 

25 thealJlibo dy portion can be. fo r example. a Fab fragment ora 
single chain Fv fragment. 

Jn still 01hcrcmbodimcnts.1hc invention provides methods 
of treati11g disorders in whicb the administrat iou o f an anli
TNFa aatibody is beneficial by the biwed<ly, sul>cuta1Jeot1s 

30 administration o f an isolated human antibody, or an antigeo
binding portions thereof. The antibody or antigen-binding 
port ion thereof preferably contains D2E7-related VLand VH 
CDR3 domains, for example. antibodies. or antigen-binding 
portions 1hereof, with a light chain variable region (LCVR) 

35 having a COR3 domain comprising an amino acid sequence 
selected from the group consisting of SEQ ID NO: 3. SEQ JD 
NO: 11, SEQ ID NO: 12. SEQ ID NO: 13. SEQ ID NO: J 4. 
SEQ ID NO: 15. SEQ ID NO: 16. SEQ ID NO: 17 . SEQ ID 
NO: 18. SEQ ID NO: 19. SEQ ID NO: 20. SEQ ID NO: 2 1, 

More preferably, the antibody. or antigen-binding portio n 
thereof. dissociates from human TNFa with a K0.rof5xl0-4 
s-1 or less. Even more preferably. the antibody, or ru1tigcn
binding portio n thereof. d issociates from human TNFa with 
a K0.ffof l xJ0·4 s-1 or less. 

Jn yet another embodiment. the invent ion provides meth
ods of treating disorders in which U1e adm.inistration of an 
anti-TNFa antibody is beneficial by the biweekly. subcuta- 45 

ncous administration of an isolated huma n antibody. or an 
ant igen-binding portion thereo f. ·n1e anlibody or antigen
bindingportion theraofpreferably contains a light chain vari
able region (LCVR) having a CDR3 domain co mprising the 
mninoacid sequence of SEQ TD NO: 3. or modified from SEQ 

40 SEQ ID NO: 22. SEQ ID NO: 23. SEQ ID NO: 24. SEQ ID 
NO: 25 and SEQ ID NO: 26 o r with a heavy chain variable 
region (HCVR) having a CDR3 domain comprising au amino 
acid sequence selected from the group consisting of SEQ ID 
NO: 4. SEQ ID NO: 27, SEQ ID NO: 28. SEQ JD NO: 29. 
SEQ JD NO: 30. SEQ ID NO: 31. SEQ lD NO: 32. SEQ ID 
NO: 33. SEQ ID NO: 34 and SEQ ID NO: 35. 

A.l.l ant ibody or antibody portion of the invention can be 
dcrivatized or li.n.kcd to anot11er functional molecule (e.g., 
another peptide or protein). Accordingly. tbe antibodies and 

50 amibody portions of the invention ore intended lo include 
derivatized and otherwise modified forms of the hwnan anti
hTNFa antibodies described bcrein. including immunoadhe
sion molecules. For example. an antibody or antibody portion 
of the invention can be functionally linked (by chemical cou-

ID NO: 3 by a single alanine substinuion at position I. 4. 5. 7 
or 8. and with a heavy chain variable region (HCVR) having 
a CDR3 domain comprising the amino acid sequence of SEQ 
ID NO: 4. or modified from SEQ ID NO: 4 by a single alanine 
suibstinnion at position 2. 3. 4, 5. 6. 8, 9. 10 or J I. Preferably. 
the LCVR further has a CDR2 domaio comprising the amino 
acid sequence of SEQ ID NO: 5 (i.e .. the D2E7 VL CDR2) 
and the I !CVR further has a CDR2 domain comprising the 
amino acid sequence of SEQ ID NO: 6 (i.e .. the D2E7 VH 
CDR2). Even more preferably. the LCVR further has CORI 
domain comprising Lbe aniino acid sequence of SEQ JD NO: 
7 (i.e .. the D2E7 VL CDRJ) and the HCVR has a CDR I 
domain compris ing the amino acid sequence of SEQ ID NO: 
8 ( i.e .. the D2E7 VI-I CDR I). 111e framewo rk regions for VL 
preferably are from we V ~1 human gerrnfoic family, more 
preferably from U1e A.20 humau germline Vk gene and most 
prefembly from the D2E7 VL framework. sequences shown in 

55 piing. genetic fusion. noncovalcnt association or otherwise) 
to o oe o r more o ther molecular eot il ies. such as another 
amibody (e.g .. a bispecific antibody or a diabody), a detect
able ageat, a cytotoxic agent, a phannaccutical agem, and/or 
a protein or peptide that can mediate associate oft he antibody 

6() 0( antibody portiou with another molecule (such as a strepta
vidin core region or a polyhislidine tag). 

One type of derivatizcd antibody is produced by crosslink
ing two or more antibodies (of the same type or of different 
types, e.g.. to create bispecific antibodies). Suitable 

65 cross linkers include those that are hetcrobi funct ional, having 
two distiJ1ctly reactive groups separated by an appropriate 
spacer (e.g., 111-111alei111idobcozoyl-N-hydroxysuccinimide 
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ester) or homobifonctional (e.g .. disuccinim.idyl subcratc). 
Such linken; are available from Pierce Chemical Company, 
Rock ford. lll. 

14 
sequences can be designed based on the nucleotide sequences 
disclosed in the references cited s11pra. using siandard met.11-
ods. 

Once the germline VH and V L fragmems are obtained, 
these sequences can be mutated to encode the D2E7 or D2E7-
rela1ed amino acid sequences disclosed herein. The amino 
acid sequences encoded by tbe germline \11-1 and VL DNA 
sequenccs are first compared to the D2E7 or D2E7-related 
VI-! and VL amino acid seq1Uences to ideniify amino acid 

Useful detectable agems with which an antibody or anti
body portion of the invention may be derivatized i11cludc 
fluorescent compotuid~. Exemplary fluorescent detectable 
agents ioclude Buoresceio, ffooresceiu isothiocyanale. 
rhodamine. 5-dimethy lam.ine-1-naptbalenesulJonyl chloride. 
phycoerythrin and the like. An antibody may also be deriva
tized with detectable enzymes. such as alkaline phosphatase. 
horseradish peroxidase, glucose oxidase a.nd the like. When 
an antibody is derivat ized with a detectable enzyme, it is 
detected by adding. additional reagents tha t the enzyme uses 
to produce a detectable reaction product. for exmuple, when 
the detectable agent horseradish peroxidase is present, the 
addition of hydrogen peroxide and diaminobenzidi.ne leads to 
a colored reaction product, which is detectable. An antibody 
may a lso be derivatized with biotin. and detected through 
indirect measurement of avidi.t1 or streptavidin binding. 

10 residues in the D2E7 or D2E7-related sequence that differ 
from germline. Then, the appropriate nucleot ides oft.lieger
mline DNA sequences are mutated such that lhe mutated 
germ line sequence encodes the D2E7 o r D2E7-reli1ted amino 
11cid stxiuence. using the genetic code to dctem.Une which 

15 nucleotide changes should be made. Mutagenesis of the ger
mline sequences is carried out by standard methods. such as 
PCR-mcdiatcd mutageaesis (in which the mutated auclc
otides are incorporated into the PCR primers such that the 
PCR product contains the mutations) or site-directed 

11. Expression of Antibodies 20 mutagenesis. 
An amibody. o r ru.11ibody portion, of lhe invention can be 

prepared by recombinantexprcssionofimmlllloglobulin light 
and heavy chain geues in a host cell. To express an aatibody 
recombiuaJllly. a host cell is transfocted with one o r more 
r<.'Com binant expression vectors carrying; DNA fragments 25 
encoding r.be imnrnnoglobuliu light and heavy chaiu.s of the 
antibody such 1hat the light and heavy chains arc expressed in 
the host cell nnd. preferably. secreted into the medium in 
wl.tich the host cells arc cultured, from which medium the 
antibodies can be recovered. Struidard recombinam DNA 30 

methodo logies are used to obtain alllibody heavy and li!!)n 
chain genes. incorpo rate these genes into recombinant 
expression vecron; and introduce the vectors into host cells. 
such as those described in Sambrook. Fritsch and Maniatis 
(eds). Molecular Cloning; A Labora1or.r Manual, Second 35 

l!:dilion. Cold Spring 1-larbor, N.Y.. (l 989). A11s11bel. F- M. et 
al. (eds.) Curren! Protocols in Molec11/ar Biology. Greene 
Publis l1ing Associates, (1989) an<l in U.S. Pat. No. 4,81 6.397 
by Boss et al. 

To express D2E7 or a D2E7-related antibody. DNA frag- 40 

men ts encoding the lig.ht and heavy chain variable regio ns are 
first obtained. These DNAs can be obtained by amplification 
and modificmion of g.ermline light and heavy chain variable 
sequences using the polymerase chain reaciion (PCR). Ger
mline DNA sequences for human heavy arid light chain vari- 45 
able region genes are known in the a rt (sec e.g .. the "Vbase" 
httman genn line sequence database; see also Kabat. E. A., et 
al. ( l 991) Sequences of Proteins of /1111111mological lnteresl. 
Ftj/h Edi1ion, U.S. Department of Health and I luman Ser
vices, Nlll Publication No . 9 1-3242; Tomlinson, I. M .. e1 al. 50 

( 1992) "The Repertoire of Human Germlinc Vu Sequences 
Reveals about Filly Groups ofV11 Segments with DilTerent 
Hypervariable I ,oops" J Mo/. Biol. 227:77 6-798: and Cox, J. 
P. L. ct a l. (1994) "A Directory of lluman Germ-line V78 

Scgmems Reveals a Strong 13ias in their Usage" Eur. J lmmu- 55 
no/. 24:827-836: the contents of each o f which are expressly 
incorponited herein by reference). To obtain a DNA fnigment 
encoding the heavy chain variable region of D2E7. or a 
D2E7-related amibody. a member of the V u3 family of 
human germliue VH genes is arnplified by standard PCR. 6() 

Most preforably. the DP-31 VH germline sequence is ampli
fied. To obtain a DNA fragment encoding the light cha.in 
variable region ofD2E7. o r a D2E7-related antibody. a mem
ber of the V ~I family of human gerrnline VL genes is ampli
Ocd by staad:ird PCR. Most preferably, theA20 VL germline 65 

sequence is ampl ified. PC R primers s uitable for use in runpli
fyiug the DP-31 gennline VH and A20 genuline VL 

Once DNA fragments encoding D2E7 or D2E7-related VH 
and \IL segments are obtained (by amplification and 
mutagenesis of gemi.Jine VH and VL genes, as described 
above). tbe:;e DNA fnigments can be flU"ther mm1ipula1ed by 
standard f(.-'COmbinant DNA 1echDiques, for example ro Clln
vert the variable region genes 10 full-length antibody chain 
genes. to Fab fragment genes or to 11 scFv gene. ln these 
manipulations. a VL- or VI-I-encoding DNA frag.meni is 
opcrativc:ly linked 10 another DNA fragment encoding 
another protein, such as an antibody constant region or a 
flexible linker. The term "operatively linked", as used in this 
context. i.s intended to meru1 that the two DNA fragments are 
joined such that the amino acid sequences encoded by the two 
DNA fragments remain in- frame. 

·111e isolated DNA encoding the V I- I region can be con
verted to a full-length beavychaingcne byoperatively linking 
the VJ-l-cncoding DNA to another DNA molecule encoding 
heavy cbain coosran1 regions (CHJ, CH2 and C l-!3). The 
sequences of human heavy chain constant region genes are 
known in the art (sec e.g.. Kabat. E. A.. ct al. (I 991) 
Sequences of Proleins of /i111111111ological Interest. Fifth Edi-
tion, U.S. Department of Healtl1 and Human Services, NIH 
Publication No. 9 1-3242) and DNA fragments encompassing 
these regions cru1 be obtained by standard PCR ampl ification . 
The heavy chain constant region can be an lgG J .1gG2. lgG3. 
lgG4. lgA, lgE, lgM or lgD constant region. but most pre1~ 
erably is an lgG I or lgG4constant region. Fora Fab fragment 
heavy chain gene. the YI I-encoding DNA can be operatively 
linkt-d 10 another DNA molecule encodiug only the heavy 
chain Cll 1 constnnt regiou. 

111c isolated DNA encoding the VL region can be con
verted 10 a full-length light cha.in gene (as well as a Fab light 
chain gene) by operatively link.ing the VL-encoding DNA 10 
another DNA molecule encoding the light chain constant 
region. CL. Tue sequences of human light chain constant 
region genes are known in the an (>ee e .g .. Kabat, E . A .. el al. 
( 1991) Sequences of Proleins of l1111111111ologictil !merest, Fiflh 
Edition, U.S. Department of lkallh and I luman Services. 
NIH Publicat ion No. 9 1-3242) and DNA fragments encom
pass ing tbese regions cau be obtained by standard ['CR ampli
fication. The light chain constant region can be a kappa or 
lambda constant region. but most preferably is a kappa con
stant region. 

To create a seFv gene, the \IH- and VL-encoding DNA 
fragments are opera iively linked to <motbcr f:ragmeut encod
ing a flexible li1iker. e.g., encoding the amino acid sequence 
(Gly4 -Serh, such that the VH and VL sequences can be 
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expressed as a conligllous single-chain protein. with the VL 
and VH regions joined by the flexible linker (see e.g .. Bird et 
al. (1988) Science 242:423-426; Huston e t al. ( 1988) Proc. 
Natl. Acad. Sci. USA 85:5879-5883; McCatforty eta! .. Nature 
(J 990) 348:552-554). 

"fo express I.he ant ibodit.'S, or antibody p0r1ions or tbc 
invention, DNAs encoding partial or foll-length light and 
heavy chains. obtained as described above. are inserted into 
expression vectors such that the genes are operatively linked 
10 tr.mscriptional and translational control sequences. In this 
context, lhe term "operatively linked" is intended to mean tlwt 
a11 antibody gene is ligated illlo a vector sucb that tramcrip-
1ional and translational con1rol sequences within the vector 
serve their intended function of regulating the transcription 
and rrans.lation of the antibody gene. 111c expression vector 
m1Llexpressiuu 1,;u11trol St.'<j ue111,;cs are d 1us<:11 tu be 1,;ompatible 
wi th the expression host cell used. TI1e antibody light chain 
gene and the antibody heavy ch11in gene can be inserted into 
separate vector or. more typically. both genes are inserted into 
the same expression vector. The antibody genes are inserted 
into the expression vector by standard methods (e.g., ligation 
of complementary restriction sites on the antibody gene frag
ment and vector. or bluJ1t end ligation if no restriction s ites are 
present). Prior 10 insertion of the D2E7 or D2E7-related light 
or heavy chaiu sequences, the expression vector may already 
cairiy antibody constant region sequcne<:s. For example, one 
approach lo converting the D2E7 or 02E7-related VH andVL 
sequences to full- length antibody genes is 10 insert them into 
expression vectors already encoding heavy chain constant 
and light chain constant regions. respectively, such that the 
VL'1 segment is opera tively linked to the CH segment(s) 
within the vector and the VL segment is operatively linked to 
the CL segment within the vector. Additionally or alterna
tively, the recombinant expression vector can encode a signal 
peptide that facilitates secretion of the anti body chain from a 
host cell. The antibody chain gene can be cloned into I.he 
vector such that the signal peptide i ~ linked in- frame to the 
an.1.ino tenninus or the antibody chain gene. The signal pep
tide can be an immunoglobulin signal peptide or a hetcrolo
gotL~ signal peptide (i.e., a signal peptide from a non-immu
noglobulin protein). 

In addition to the antibody cbain genes:. the recombinant 
expression vectors of the invention carry regulatory 
sequences that control the expression of tl1e antibody cbain 
genes in a host cell. The term "reb'l.1latory sequence" is 
inte11ded to includes promoters. enhancers and other expres
sion control clements (e.g .. polyadenylation signals) that con
trol the u·anscription or translation of the antibody chain 
genes. Such regulatory sequences are described. forcxrunplc, 
in Goedde!: Gene Expression Technology: Methods in Enzy
mology 185. Academic Press. Sa11 Diego. Cal if. ( 1990). It will 
be· appreciated by those skilled in the art that the design of the 
ex pression vector. including the selection of regulatory 
sequences may depend on such factors as. the choice of the 
host celJ to be transformed, the level o r expression ofproteio 
desired. etc. Preferred regulatory sequences for mammalian 
host cell expression include viral elements that direct high 
levels or protein expression in mammalian cells. such as 
promoters mid/or enhancers derived from cytomegalovims 
(CMV) (such as the CMV promoter/enhan cer), SinJ.iaa Vims 
40 (SV40) (such as the SY40 pronmtcr/enhancer). adenovi
rus , (e.g .. the adenovirus major late promo1er (AdMLP)) and 
polyoma. For rurtherdescriptionof viral regulatory elements. 
and sequences thereof, see e .g., U .S. Pat. No. 5.168,062 by 
Stinski. U.S . Pal. No. 4.510,245 by Bell e t al. and U.S. Pat. 
No . 4,968.615 by Schaffner et al. 

16 
ln addition to the antibody chain genes and regulatory 

sequences, the recombinant expression wctors of the inven
tion may carry additional sequences. such as sequences that 
regulate replication of the vector in host cells (e.g .. origins of 
replica1ion) and selectable marker genes. The selectable 
marker gene focilimtcs sclcct~on of hos! cells into which the 
vector has been introduced (see e.g., U .S. Pat. Nos. 4.399. 
216. 4,634.665 and 5.179,017. a.II by Axel et al.). For 
example. typically the selectable marker ge11e con fors resis-

10 lance to drngs, such as 0418, h ygromyci.11 or melholrexate, 011 

a host cell into wlJ.ich I.he vector bas been introduced. Pre
ferred selectable marker genes include the dihydrofolare 
reductase (Dl-IFR) gene (for use in dhfr host cells w ith meth
otrcxatc selection/amplification) and the nco gene (for 0418 

15 selection). 
For expression of the light and heavy chains. the expression 

vcctor(s) encoding the heavy and light chains is 1rru1sfoc1cd 
into a host cell by standard techniques. "l11e various forms of 
the term "transfectjon'· are intended co encompass a wide 

20 variety of techniques commonly used for the introduction of 
exogenous DNA imo a prokaryotic or eukaryotic host cell . 
e.g.. clectroporation. ca lcium-phosphate prcx:ipitation, 
DEAE-dext.raa transfection and the .like. Although it is theo
retically possible to express the antibodies of the invention in 

25 either prokaryotic or euk<1ryo1ic host cells, expression of anti
bodies in eukaryotic cells. and most preferably man11Dalian 
host cells . is the most pr<:forrcd b<.."Clluse such cukaryotic cells. 
and in particular mammalian cells, are more l ikely than 
prokaryo·tic cells to assemble and secrete a properly fold1;,'(f 

30 and immunologically active antibody. Prokaryotic expression 
of antibody genes has been reported to be ineffective for 
production of high yields ofactive antibody (Boss. M.A. and 
Wood. C.R. (1985) !11111111110/ogy Today 6:12-13). 

Preferred mammalian host cells for expressing the recom-
35 binrull antibodies o f the invention include Chinese Hamster 

Ovary (Cl-10 cells) (including, dhfr- Cl!O cells. described in 
Urlaub a11d Chasin, (1980) Proc. Natl. Acad. Sci. USA 
77:421 6-4220. used witb a DHFR selec1able marker, e.g .. as 
described in R. J. Kaufman and P.A. Sharp ( 1982) Mo/. Biol. 

40 159:601-621 ). NSO myeloma cells. COS cells and SP2 cells . 
When recombinant expression vectors encoding, antibody 
genes are introduced into mmnmalian host cells, the ru1tibod
ies arc produced bycult"tuing thc hostcC"lls fora period of time 
sufficiem to al.low for expression of the ~mlibody in the host 

45 cells or, more preferably. secretion of the antibody into the 
cultmc medium i11 which the host cells are grown. Antibodies 
cao be recovered from the culture medium using standard 
protein purification methods. 

Host cells can also be used to produce portion.s of intact 
50 antibodies. such vs Fnb fragments or scfv molecules. It will 

be understood that variations on the above procedure are 
within the scope of the present invention. For example. it may 
be desirable to transfect a host cell with DNA encoding either 
the light c hain orthc heavy chain (but not both) ofan antibody 

55 of th.is invention. Recombioam DNA technology may also be 
used to remove some or al I o f the DNA eocoding either or 
both of the light and heavy chains that is not necessary for 
binding to hTN Fo.. The mo.lecuJes expressed from such lnm
cated DNA molecules are also encompassed by the antibodies 

6() o f the invention. In addition. bifuuctional antibodies may be 
produced in which one heavy and one light chain are an 
antibody of the invention and the other heavy and light chain 
are specific for an antigen othe r than hTNFa by crQsslin.king 
an antibody of the invention to a second antibody by standard 

65 chemical crosslinkiug methods. 
In a preferred system for recombinant expression of an 

antibody, <1rantigen-bi11di11gportion tbereof. of the invention. 
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a recombinant expression vector encoding both the antibody 
heavy chain and the antibody light chain is imroduccd into 
dhJr-CHO cells by calcium pl1osphate-mediated transfection. 
Within the recombinant expression vec tor, the antibody 
heavy and light chain genes are each operatively linked to 
CM\-' cnhanccr/AdMLP promoter rcgulmory clements to 
drive high levels oftriinscription of the genes. The recombi
nant expression v(.'Clor a lso carries a DHFR gene. which 
allows for selection of CHO ce lls that have beeu transfected 
with !lie vector using metlmtrexate selection/amplification. 10 

The selected transformant host cells are culture to allow for 
expression or the antibody he.avy and ligbl chains and intact 
<•ntibody is recovered from the culture medium. Standard 
molecular biology techniques arc used to prepare the r(.'COUl
bina11t expression vector, transfect the host cells. select lbr 15 
transformaots. culture the host eel.ls and recover the antibody 
from the culture medium. 
lll. Select Ion of Recombinant Human Antibodies 

Recombinant human antibodies of the invention in addi
tion to D2E7 o r an antigen binding portion thereof. or D2E7- 20 
related antibodies disclosed herein cau be isolated by screen-
ing of a recombinant combinatorial an1ibody library, 
preferably a scFv phage display library, prepared using 
hunian VL and VH cDNAs prepared from mRNA derived 
from hum<in lymphocytes. Methodologies for preparing and 25 
scr eening such libraries are known in the art. lo addi1ion 10 

co.nuncrcially available kits for gcncrafrng phage display 
libraries (e.g .. Lhe Plmrmacia Reco111binan1 Phage Antibody 
System. catalog no. 27-9400-01; and tlie Stratagene Sur
JZAPTM phage display kit. catalog no. 240612). exa111ples of 30 

methods and reagents particularly amenable for use in gen
erating and screening a ntibody display libraries can be found 
UL. for example. Ladner ct al. U.S. Pat. No. 5.223,409: Kang 
ct a l. PCT Publication No. WO 92/18619: Dower e1 al. PCT 
Publication No. WO 91 / 17271: Winier et a l. PCT Publication 35 

No. WO 92120791: Mnrklat1d ct al. PCT Publication No. WO 
92/ 15679; Breitling ct al. PCT Publ ication No. WO 
93/01288; McCafferty et al. PCT Publication No. WO 
92/01047: Garrard et al. PCT Publication No. WO 92/09690: 
Fuchs cl al. (1991) Bio!Teclmology 9:1370-1372: Hay et al. 40 

(1992) Hum Anti bod llybridomas 3:81-85; Huse et al. ( 1989) 
Science 246:1275-1281: McCafferty el al.. Nature (1990) 
348:552-554: Griffiths c t al. ( 1993) EMDO J 12:725-734; 
Hnwkiuset al. (I 992)J Mo/ Bio/226;889-896: Clacksonet al. 
(1991) Nature 352:624-628; Gram et al. (1992) PNAS 45 
89:3576-3580: Garrard ct al. (1991) Biorfechnology 9: 1373-
1377; Hoogenboom et al. (1991) Nuc Acid Res 19:4133-
4137: and Barbas ct al. (1991) /WAS 88:7978-7982. 

ln a preferred cmbodirne111, to isolate human antibodies 
wi th high uffini ty and a low o1T rate consta nt for hTNFa. a 50 

nrnrine anti-hTNFu antibody having high atlinity and a low 
of1fra1c constant for hTNFo. (e.g .. MAK 195, Lhe hybridoma 
for which has deposit number ECACC 87 050801) is first 
used to select buma11 l1cavy and light chain. sequences having 
similar binding activily toward hTNFu. using the cpitope 55 

impri111ing melltods described in Hoogenboom et al.. PCT 
Publication No. WO 93/06213. The ~mtibody libraries used in 
this method are preferably scFv libraries prepared and 
screened as described in McCaflerty et al.. PCT Publicaiion 
No. W092/01047, McCatiertyet al.,Nature(l990)348:552- 6() 

554: and Grilliibs c l al.. (1993) EMBO J 12:725-734. The 
scfv antibody libraries preferably are screened using recom
binant human TNFa as llie antigen. 

Once initial human VL and VI-I segine1ns are selected. 
"mix and match" experiments, ia whicb di1forent pairs of the 65 

initially selected YL and VH segments are screened for 
hTNFa binding, are perfonned to select preferred VLIVH 

18 
pair combinations. Addi1ional ly. to ftlrt'her improve the a llin
ity audfor lower the off rate constant for hTNFo. binding. the 
VL a nd VI-I segments of the preferred Vl)VH pair(s) can be 
randomly mutated, preferably within tbe CDR3 region ofVH 
and/or VL. in a process ana logous to 1he in vivo somatic 
mutation process responsible for all1n ity maturation of anti
bodies during a natu ral imlllune response. Tltis in vitro affin
ity maturation can be accomplished by amplifying VII and 
VL regions using PCR primers complimentary to the VH 
CDR3 or VL CDR3, respectively, which primers have been 
"spikoo" with a random mixmre of the four nucleotide bases 
at certain positions such that the resu ltant PCR products 
encode VI-I and VL segments i1110 wbich random mutations 
have been introduced into the Vil and/or VL CDR3 regions. 
These randomly mutated VI-I and VL segmems can be 
rescreencd for binding to hTN.Fa and sequences that exhibit 
high allinity and ;1 low off rate for hTNFo. binding can be 
selected. 

Following screening and isolation of an anti -bTNFa anti
body of the invention from a recombinant immunoglobulin 
display library. nucleic acid encoding the selected amibody 
can be recovered from the display package (e.g .. from the 
phage ge.nomc) and subcloned into 01her express ion ve;.-ctors 
by st~nd<ird recombinant DNA techniques. If desired. the 
nucleic acid can be further manipulated 10 create ()tber anti
body fonns of the invention (e.g .. linked to nucleic acid 
encoding additional immunoglobulin domaim. such as addi
tional co.nstant regions). To express a recombinant human 
antibody isolatoo by screening of a combinatorial library, the 
DNA encoding the antibody is clom.-d into a recombinant 
expression vector and iuLroduct'Cl into a mammalian host 
cells. as described in further detail in Section 11 above. 
IV. Pharmaceutical Compositions and Pharmaceutical 
Administration 

'll1e antibodies and antibody-portions of the invemion can 
be incorporated into pbarmaccutical compositions suitable 
for adminjstration to a subjecl for tlic methods described 
herein, e .g., biweekly. subcutaneous dosing. Typically. the 
phanuaceutical composition comprises an antibody (or anti
body portion) of the invention and/or mciliotrcxatc and a 
pharmaceutically acceptable carrier. As used herein. "phar
maceutically acceptable carrier" includes any and all sol
vents. dispersion media, c.oatings. antibacterial and antifun
gal agents, isotonic and ahsorp1ion delaying agenrs. and the 
like that arc physiologically compatible and are suitable for 
administraiion to a subject for Lhc methods described herein. 
P,xamples of pharmaceut ically acceptable carriers include 
one or more of water. saline, phosphate buffered saline. dex
trose, glycerol. ctl1anol and the like. as well as combina1 ions 
iliercof. l.n many cases. it wil I be preferable to iuclude isotonic 
agents, for example. sugars. polyalcohols such as mannitol. 
sorbitol, or sodium chloride in the composition. Phannaccu
tically acceptable carriers may further comprise minor 
amoums of auxiliary substances such as wetting or emulsify
ing agcms, preservatives or bulJers, which enhance tbe shelf 
liJe o r eJlectiveness o f 1be a1Jtibody or antibody portion. 

ll1e compositions of this invention may be in a variety of 
forms. These include. for example. liquid. semi-solid and 
solid dos.age forms. such as liquid solutions (e.g .. injectable 
and infusible solmions), dispersions or suspensions, tablets. 
piIJs. powders, liposomes and suppositories. The preforred 
form depends on Lhe intended mode of administration and 
tl1erapeutic application. Typical preferred compositions are in 
tl1e form of injectable or irt!Usible solutions. such as compo
sitions similar to those used for passive imnmn.ization of 
humans with other antibodies. The preforred mode of admin
istration is parenteral (e.g .. illlravenous, subcutaneous, intra-
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peritoneaL intramuscular). 111 a preferred embodiment, the 
mnibody is administert-'CI by intravenous infusion or injection. 
Jn another preferred embodiment. the antibody is adminis
tered by intrmnuscular injec1ion. In a particularly preferred 
embodiment. the antibody is administered by subcuraneous 
injection (e.g .. a biweekly. subcutaneous injection). 

TI1erapeutic compt)siiions typically must be sterile and 
stable under the condilions of rnimufacturc and storage. 111e 
composi tion C<lll be formulated as a solutio n. microemulsion, 
dispersion. liposome, or other ordered structure suitable to 
high drug concentration. Sterile injectable solutions can be 
prepared by incorporating the active compound (i.e .. anti 
body or anti body ponion) [n the required amount in an appro
priate sol vent with one or a combination of ingredients enu
merated above. as required, followed by filtered sterilization. 
Generally. dispersions are prepared by incorporating the 
ac~ive cornpound into a sterile vehicle that contains a basic 
dispersion medium and the required other ingredients from 
those enumerated above. ln the case of sterile powders for the 
preparation of ster ile injectable solutions, the preferred meth
ods of preparation are vacuum drying and freeze-drying thm 
yields a powder of the active ingrcdiem plus any additional 
desired ingredient from a previously sterile-tiltered solution 
thereof. The proper fluidity of a solution. can be maintained, 
for example, by the use of a coating such as lecithin. by the 
maintenance of the required particle size in the case of dis
persion and by the use of surfactants. Prolonged absorption of 
i1~jectable compositions can be brought about by including i.11 
the composition an agent that delays absorption. for example. 
ruo nosteara te salts and gelatin. 

·nie antibodies and a mibody-pon ions o f1he present inven
tion can be administered by a variety of methods known in the 
arl!, although for many therapeutic applications. the preferred 
route/mode of administration is subcutaneous injection. As 
will be appreciated by the skilled anisan. the rorne and/or 
mode of administration wil I vary depending upon the desired 
results. la certain embodiments. the active compound may be 
prepared with a carrierthat will protect the compound against 
rapid release, such as a controlled release formulntion, 
including implants. transdermal patches. and 111icrocncapsu
lated delivery systems. Biodegradable. bioeompatible poly
mers can be used. such as ethylene vinyl acetate, polyethylene 
glycol (PEG), polyanl1ydridcs. polyglycolic acid. collagen. 
polyorthoesters, and poly lactic acid. Mru.1y methods for the 
preparation of such fomrnlations are patented or generally 
known to those skilloo in the an. See. e.g .. Sustai11ed and 
Co11trolled Release Drug Delivery Systems, J. R. Robinson. 
ed., Marcel Dekker. Inc .. New York, 1978. 

In certain embodiments. an antibody o r antibody portion of 
the invention may be o rally administered, for example, with 
an inen diluent or an assimi lable edible carrier. ·n1e com
pound (and other ingredients. if desired) may also be enclosed 
in .a hard or soft shell gelatin capsule, compressed into tablets, 
or incorporated directly into the subject's dje1. For oral thera
peutic administration. the compounds may be incorporated 
with excipients and u sed in tbe fomJ of ingestib le tab.lets, 
buccal tablet's, trochcs, capsules. elixirs. suspensions, syrups. 
wafers. and the like. To administer a compolllld of the il1vcn
lion by other than parenteral administration. it may be neces
sary lo coat the compound witll. or co-administer the com
pound with. a rnaterial lo prevent its lilac ti vat ion. 

Supplementary active compounds can also be incorporated 
inno the composit ions. In certain embodiments, an antibody 
or amibody portion of the inventio n is cofomrnlated with 
and/or coadministercd wi1b olle o r more addilionaJ therapeu
tic agents. For exam pl~, an anli-hTNFa antibody or antibody 
portion of the invention may be cofonnulated and/or coad-

20 
ministcroo with mctbotrcxatc, one or more additional anti
bodies that bind other tmgets (e.g .. antibodies that bind other 
cytokines or that bind cell surface molecules). one or more 
cytokines, soluble TNFo. receptor (see e.g., PCT Publication 
No. WO 94/06476) and/or one or more chemical agents that 
inhib it bTNFa production or activity (such as cyelohcxanc
ylidene derivatives as described in PCT Publication No. WO 
93/J 975 l). Furthermore. one or more antibodies o f the inven
tion may be used in combination w ith two or mo re of the 

10 foregoing therapeutic agents. Such combination therapies 
may advantageously utilize lower dosages of the adminis
tered therapeutic agents. thus avoiding possible toxicities or 
complica.tions associated with the various monotherapies. 
The use of the antibodies. or antibody portions. of the inven-

15 Lion in combinatio n w itJ1 other therapeutic agents is discussed 
further in subsection JV. 

Non-limiting examples of ~herapcutic agents for rheuma
toid arthritis with which au antibody, or antibody po nion. of 
the invention can be combined include the following: non-

20 steroidal anti -inflammatory drug(s) (NSAIDs): cytokine sup
pressive anti -iu1lammatory clrug(s) (CSAIDs): CDP-57 I/ 
BAY-10-3356 (humanized anti-TNFa antibody: Cclhcch/ 
Bayer): cA2 (chimeric anti-TNFa antibody: Cet1tocor): 75 
kdTNFR-IgG (75 kD TNF receptor-JgG fusion protein: 

25 lmmuoex: see e.g., Arthritis & Rheumatism (I 994) Vol. 37, 
S295; J Invest. Med. (1996) Vol. 44. 235A): 55 kdTNFR-lgG 
(55 kD TNF rcccptor-lgG fusion protein: Hoffmann
LaRoehe); IDEC-CE9.I/SB 210396 (non-depleting prima
tized rulli-CD4 antibody: IDEC/Smith.Kline: sec e.g .. Anhri-

30 tis & Rlrewuatism ( 1995) Vol. 38. S185): DAB 486-IL-2 
and/or DAB 389-IL-2 (IL-2 fusion proteins; Seragen; see 
e.g .. Artlrritis & Rheumatism ( 1993) Vol. 36. 1223 ): Anti-Tac 
(humanized anti-IL-2Ra: Protein Design Labs/Roche): IL-4 
(anti-inflammatory eytokine: DNAX/Schcring): IL-I 0 (SCH 

35 52000; recombinant lL-10, anti-inflammatory cyrokine: 
DNAX/Schering): l L-4: IL- 10 ancVor ll.-4 agonists (e.g .. 
agonist antibodies); IL-lRA ( JL- l receptor antagonist; Syn
erge11/A111gen); TNF-bp/s-TNFR (soluble TNF binding pro
tein: see e .g., Arthritis & Rheumatism ( 1996) Vol. 3 9, No. 9 

40 (supplement), 5284; Amer. J. Physiol.- Heart and Circula
tory Physiology (1995) Vol. 268. pp. 37-42): R97340 I (phos
phodieste rase Type IV inhibitor; see e.g .. Arthritis & Rhe11-
111atis111 (J996)Vol. 39. No. 9 (supplement). $282): MK-966 
(COX-2 lnhibilor; see e.g .. .4 rthritis & Rheumatism (I 996) 

45 Vol. 39. No. 9 (supplement). SS I): rtoprost (sec e.g .. Ar1hritis 
& Rheumatism ( 1996) Vol. 39. No. 9 (supplement), S82); 
methotrexate: thalidomide (see e.g., Arthritis & Rheu111atism 
(1996) Vol. 39. No. 9 (supplement). 5282) and thalidomide
related dnigs (e.g., Celgen): lctlunomide (anti-inO.ammatory 

50 and cytokiue inhibitor: see e.g .. Arthritis & Rheumatism 
(1996) Vol. 39, No. 9 (supplement), S I3 1: Inflammation 
Research (J 996) Vol. 45. pp. 103-107): tra11cxamic acid (in
hibitor of plasminogen activaLion: see e.g .. Arthrilis & Rhe11-
111atis111 ( 1996) Vol. 39. No. 9 (supplement). S284): T-614 

55 (cytok.ine inhibitor; see e.g., Arthrilis & Rhem11a1is111 (1996) 
Vol. 39, No. 9 (supplement), $282): prnstaglaudiu BI (see 
e.g., Arthritis & Rheumalism ( 1996) Vol. 39. No. 9 (supple
ment). S282); Tenidap ( non-steroidal a11ti-inf1.ammatory 
drug: see e.g .. Arthritis & Rhe umatis111 (1996) Vol. 39. No. 9 

6() (supplement), S280): Naproxen (non-steroidal m1li-inflam
matory dr\1g: see e.g., Neuro Repon ( 1996) Vol. 7, pp. 1209-
1213): Meloxicarn (nou-steroidal anti-inflammatory drug); 
lbuprofeu (non-steroidal anti-inflammatory drug); Piroxicam 
(non-steroidal anti-inflainmatory drug): l)iclofenac (non-ste-

65 roida l a111i-iJlflamma1ory drug); lndomc1hacin (non-steroidal 
anti-inflammatory dmg); Sulfusalazine (see e.g .. Arthritis & 
Rheumali.w1 (1996) Vol. 39, No. 9 (supplement). S28 I )~Aza-
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thioprinc (sec e.g .. Arlhritis & Rhe11111a1is111 (1996) Vol. 39. 
No. 9 (supplement). $28 I): ICE inhibitor (inhibitor of the 
enzyme interleukin-1[3 converting enzyme): 1..ap-70 and/or 
!ck inhibitor ( irthibitor ~)f the tyrosine kinase zap-70 or lck); 
VEGF inllibitor and/or VEGF-R inbjbitor (inhibitos of vas
cular endothelial cell growth factor or vascular endothelial 
cell growth foctor receptor; iuhibitors of angiogeoesis): cor
ticosteroid anti-inflammatory drugs (e.g .. SB203580); TNF
conven ase inhibitors; anti-JL-12 antibodies: interleukin-I I 
(see e.g .. A rthritis & /?J1e11111atis111 ( 1996) Vol. 39, No. 9 
(supplement) . S296); interleukin-13 (see e.g., Ar1hri1is & 
Rhe11111atis111 ( 1996) Vol. 39, No. 9 (supplemem). S308): inter
leukin-17 inhibitors (see e.g .. Arlhrilis& Rhe11111atis111 ( 1996) 
Vol. 39, No. 9 (supp lement), S 120); gold; penicillamiue: 
cltloroquine; hydroxychloroquine; eblorambuci I: cyclopbos
phamide: cyclosporine: total lymphoid irradiation: anti-thy
mocytc globulin: anti-CD4 antibodies: CDS-toxins: orally
administered peptides and collagen: lobenzarit disodium; 
Cytokine Regulating Agents (CRAs) HP228 and HP466 
( f-loughten Pharmaceuticals, Inc.); ICAM- 1 antisense phos
pllorothioate oligodeoxynucleotides (ISIS 2302: Isis Phar
maceu ticals. lnc.); soluble complement receptor I (l' PIO: T 
Cell Sciences. Inc.) : preduisone: orgotein; glycosaminogly
can polysu lphate: minocycline; anti- IL2R a ntibodies: marine 
and botanical lipids (fish and plMt seed fatty acids; see e.g., 
DeLuca et al. ( 1995) Rheum. Dis. Clin. Nonh Am. 21:759-
777): auranofin: phcnylbutazonc: mcclofcnamic acid: flufe
namic acid: intravenous immune globulin: zileuton: myco 
phenolic acid (RS-61443): tacrolim.us (FK-506): sirolimus 
(rapamycin): amiprilose (therafectin): cladribioe (2-cbloro
dooxyadenosinc); and azaribine. 

Non-limiting examples of therapeutic agents for inflam
matory bowel disease with which a n antibody. or antibody 
portion. of the inveotion can be combined include the follow
ing: budenoside; epidermal growth factor: corticosteroids: 
cydosporin. sulfasalazine: aruinosalicylates: 6-mcrcaptopu
rine: azathiopriue: mctronicfazole: lipoxygenase iuhibitors: 
mesalamine; o lsalazi11e: balsalazide: ant io xidants: throm
boxane inhibitors: IL-l receptor antagonists; auti-IL-113 
monoclonal antibodies; anti-JL-6 monoclonal antibodies: 
growth factors; elastase inhibitors; pyridinyl-imidazole com
pounds; CDP-571/BAY- l 0-3356 (humanized anti-TNFa 
antibody: Cel ltech/Baycr): cA2 (chimeric anti-TNFa anti
body: Centocor): 75 kdTNFR-lgG (75 kD TNF receptor-JgG 
fus ion protein; lmmunex: see e.g., Arthritis & Rhe11111atis111 
( 1994) Vol. 37. S295; J. Invest. Med. (1996) Vol. 44. 235A): 
55 b:dTNFR- lgG (55 kl) TNF receptor- lgG fi.tsion prolein; 
Hoffmann-La Roche): interleukin-I 0 (SCI-I 52000: Schcring 
Plough): IL-4: IL- I 0 and/or lL-4 agonists (e.g., agonist anti
bodies): intcrleukin-l l; g lucuronide- or dextra11-co11jugared 
prodrugs of prednisolone. dexamethasone or budesonide: 
ICAM-1 antisense phosphorothioate oligodeoxynucleotides 
(ISlS 2302: Jsis Phannaceuticals. Inc.); soluble complement 
receptor 1 (TPIO: TCell Sciences, Inc.): s low-rcleasemesala
zinc: melhotrexalc: antagonists of Platelet Activating Factor 
(PAF); ciprofloxacio; and lignocaioe. 

Nonlimiting examples of therapeutic agents for multiple 
sclerosis with which an alllibody. or antibody portion. of the 
invention can be combined include the fo llowing: corticos
teroids; prednisolone: methylprednisolone; awtl1ioprine: 
cydophosphamide: cyclosporine: metholrexatc: 4-am.inopy
ridine: tizanidine: i"nterforon-~ la (AvonexTM: Biogen); inter
feron-~ I b (Betaseron1'M: Chiron/13erlex): Copolymer I (Cop
! ; CopaxoneTM: Teva Pham1acetttical lndustries, Inc.) : 
hyperbaric oxygen: intravenous inummoglobulin: clabribi11c: 
CDP-571/BAY- 10-3356 (humanized anti-TNFo. antibody: 
Celltech/Bayer): eA2 (ch imeric anti-TNru autibody: Cento -

22 
cor): 75 kdTNFR-IgG (75 kDTNF receptor-lgG fusion pro
tein; Immunex; see e.g .. Ar1lrrilis & Rhe11111a1is111 ( I 994) Vol. 
37, S295; J. Invest. Med. (1996) Vol. 44. 235A): 55 kdTNFR
lgG (55 kD TNF receptor-lgG fosion protein: Hoffmann
LaRoche ); IL- I 0: IL-4; and IL-I 0 and/or IL-4 agonists (e.g., 
agonist antibodies). 

Nonlimiting examples of therapeutic agents for sepsis with 
which atl ant ibody. or antibody portion, of the invention can 
be combined include the following: hypcrtonic saline solu-

10 Lions; ant ibiotics: intravenous ganm1a globulin: continuous 
hemofiltration: carbapenems (e.g .. meropenem); a111agonists 
of cytoki11cs such as TNFn, lL- I~' JL-6 and/or lL-8: CDP-
57 l/BAY- 10-3356 (bumani:ted ami-TNFa antibody: 

15 Celhecb/Bayer) : cA2 (chimeric ami-TNFa antibody; Cento
cor): 75 kdTNFR-lgG (75 kD TNF receptor-IgG fus.ion pro-
1ei11: l1111mu1ex: ,,.,., e .g .. Arthritis & Rheumatism ( 1994) Yul. 
37. S295; J. Invest. Med. ( I 996) Vol. 44. 235A); 55 kdTNFR
lgG (55 kD TNF receptor-lgG fusion protein; f-loffmann-

20 LaRoche): Cytokine Regulating Agents (CRAs) f-11'228 and 
HP466 (Boughten Pharmaceuticals, lnc.); SK&F 107647 
(low molecular peptide: SmjlthKJine Beecham): te travalent 
guai1ylhydrazone CNJ-1493 (Picower lnstitute): T issue Fac
tor Pathway J11hibitor (TFPJ; Chiron); Pl-JP (chemically 

25 modified hemoglobin; APEX Bioscience): iron che lators and 
chclates. including dietbyleoetriarnine pentaacetic acid
iron (Ill) complex (DTPA iron (I11); Molichcm Medicines); 
lisofyllioe (synthetic small molecule methylxanthine; CeU 
Therapeutics. Inc.): PGG-Glucan (aqcuous soluble f:ll.3glu-

30 can: Alpha-Beta Technology): apolipoprotein A- I rnconsti
Luted with lipids: chiral hydroxamic acids (syntlietic antibac
terials that inhibit lipid A biosynthesis): anti-endotoxin 
antibodies: E553J (synthcti.c lipid A antagonist: Eisai 
America, lnc.); rBPl21 (recombinant N-terminal fragment of 

35 human Bactericidal/Pemi.eability-lncreasi11g Protein); and 
Sy1111Jetic Anti-Endotoxin Peptides (SAEP; BiosYnth 
Researcl1 Laboratories): 

Nonlitniliog examples o f therapeutic agents for adult res
piratory distress syndrome (ARDS) with which an antibody. 

40 or an Li body portion, of the invention can be combined include 
the following: anti-IL-8 an tibodies: surfactant re1>lacemenl 
tl1erapy; CDP-571/BAY-10-3356 (Immunized anti-TNFa 
antibody: Cclltech/Baycr); cA2 (chimeric anli-TNI-"a anti
body; Centocor): 75 kdTNFR-JgG (75 kDTNF receptor-lgG 

45 fusion protein; lmmunex: see e.g .. Arthritis & Rheumatism 
(J 994) Vol. 37, S295; J. /11ves1. Med. (1996) Vol. 44, 235A); 
and 55 kdTNFR-lgG (55 kD TNF receptor-lgG fi.ision pro
tein: Hoffmann-LaRochc). 

TI1e pharmaceutical compositions of the invcrnion may 
50 include a "therapeutically eJTective amount" or a "prophylac

t.icaUy effective amount" o f an antibody or antibody portion 
of tbc invention. A " tbcrapeulically e!foctive mnou11t" refers 
to an ru11otul! effective, at dosages and for periods of time 
necessary. to achieve the desired therapeutic result. A thcra-

55 peutically effective amount oflhc antibody or antibody por
tion may vary according to !actors such as 1he disease state, 
age. sex, and weight o r the individual, and the ability of the 
antibody o r antibody portio n to elicit a desired response in the 
individual. A therapeutically effective amount is also one in 

6() which any toxic or detrimental effects of the an6body or 
antibody port ion arc outwciglicd by the therapeutically ben
eficia l effects. A "prophylactically effoctive amount'" refers to 
an amount effective. at dosages and for periods of time nec
essary, ro acl1ieve tJ1e desired prophylactic resul1. Typically, 

65 since a prophylact ic dose is used in subjects prior 10 o r at an 
earlier stage of disease, the prophylact ically effective amount 
wil I be less than the therapeutically effective amount. 
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Dosage regimens may be adjusted lo provide the optimum 
desired response (e.g.. a therapeutic or prophylactic 
response). Por example, a single bolus may be administered, 
several divided doses may be administered over t ime or the 
dose may be proportioually reduced or increased as indicated 

24 
determined. The amoum ofllTNFa in the biological sample is 
inversely proponional 10 the a mount oflabeled hTNFu srai1-
da.rd bound lo the anti-hTNFa antibody. 

by the exigencies ofth c therapeutic situmion. ll is cspc..-cially 
advantageous to fonuu late parentera l compositions in dosage 
un it form for ease ofadminislration and uniforn1ily of dosage. 
Dosage unit lb nn as used herein refers 10 physically discrete 
uillts suited as wlitary dosages for the mammalian subjects to 10 

be· treated; each unit comaining a predetermined qualllity of 
ac~ive compound calculated to produce the desired therapeu-

A D2E7 antibody o f the invention can also be used 10 detect 
TNFas from species other tban humans. in particularTNFas 
from primates (e.g .. chimpanzee. baboon, marmoset. cyno
molgus and rhesus), pig and mouse, since D2E7 can biod to 
each o f these TNFas. 

111e amihodies and antibody portions of the invention are 
capable of neutralizing hTNFa activity both in vitro and in 
vivo (see U.S. Pat. No. 6.090,382). Moreover. at least some of 
the antibodies o rthe inventioll. such as D2E7, can neutralize 
hTNFa activity from other species. Accordingly, the a111ibod
ics and a ntibody por1ions or the invention can be used 10 

tic effect in t1ssociation with the required pharn1ace111ical 
carrier. The specification for the dosage unit forms of the 
i11ven1ion a.re dictated by and direclly dependent on (a) the 15 
t111'ique characteristics of the active compound and the par
ticular therapeutic or prophylactic clfoct 10 be achieved, and 

inhibit hTNFo. activity. e .g., in a cell culture containing 
hTNFa. :in human subjects or in ol11er mammalian subjects 
having TNFas with which an a ntibody of the invention cross
reacts (e.g. chimpanzee, babooo. mam1oset. cynomolgus aud 
rhesus. pig or mouse). In one embodiment. the invention 

(b) the limitations inherent in the art o f compounding such an 
active compmmd for the lreatmem of sensitivity in individu
als. 20 provides a method for inhibiring TNFa activity comprising 

contacting TNFCl with an anti body or antibody portion ofll1e 
invenlioo such that TNFa activity is inhibited. Preferably. the 
TNFa is human TNFa. For example. in a cell c u lture co n-

An exemplary, non- li1ni1ing range for a 11lernpeu1ica1Jy or 
prophylactically effective amount of an ant ibody or antibody 
po rtion of tbe invention is l 0- l 00 mg, more preforably 20-80 
mg and most preferably about 40 mg. ll is 10 be noted that 
dosage values may vary with the type i1od severity of the 25 
coJ1di1ion 10 be alleviated. ll is 10 be funher understood that 

taining. o r suspected of containing TNFa. an ant ibody or 
antibody portio n of the invention can he added 10 the cultiirc 
medium lo inhibit hTNFa activity in the col twe. 

for any particular subject. specific dosage regimens should be 
adjusted over time according to the individual need and the 
professional judgment of the person administering or super
vis ing tl1e administraiion o f the compositions, and tbal dosage 
ranges set forth herein arc exemplary only and aro no ! 
intended to limit the scope or practice of the claimed compo
sition. 
V. Uses of tbc An1ibodics of the Invemion 

Given their ability 10 bind to hTNFa. the anti -hTNFa 
antibodies. or portions thereof. of the invention can be used to 
detect bTNFa (e.g .. ina biological sample, such as serum or 
plasma). using a conventional immtllloassay. s uch as an 
enzyme linked i1muunosorbent assays (ELISA), an rndioim
munoassay (RIA) or tissue immuaohislochemislry. 111e 
invention provides a method for detecting hTNFa in a bio 
logical sample comprising contacti ng a b iological sample 
wi.th an antibody. or antibody portion. of the invention and 
detecting either the antibody (or antibody poniou) bound 10 
hTNFa o r unbound an1ibody (or antibody portio n), to thereby 
detect hTNfa in the biological sample. TI1e antibody is 
directly or iodirectly labeled w ith a deteclable s ubstance 10 
facilitate detection of the bound or unbound antibody. Suit
able detectable substances include various enzymes. pros
thetic groups. fluo rescent materials. luminescent materials 
and radioactive mater ials. Examples of suitable enzymes 
include horseradish peroxidase. alkaline phosphatase. ~-ga
lac tosida.se, or acetylcholioesterase: examples of suitable 
prosthetic group complexes include st.rcp tavidin/biotin and 
avidin/biotiu: examples o f suitable tluoresce111 materials 
i11clude umbelliferone, fluorescein. tluoresceiu iso1biocyan
a1e, rbodamine, dichloro1riazinylamine fluorescein. clansyl 
chJoride orphycoerytbriu: all exampleofa luminescent mate
rial includes luminol: and examples of su itable radioactive 
material include '251. '"I. 35$ or ' H. 

Alternative lo labeling the antibody. hTNfa can be 
assayed in bio logical fluids by a competition immunoassay 
utilizing rhTNFa standards labeled with a delectable sub
sta nce aod au unlabeled anti-hTNFa antibody. In this assay. 
the biological sample, tbe labeled rhTNFet. standards and the 
anti-hTNFa antibody a.re combined and the amou nt o f 
labeled rhTNFa standard bound 10 the unlabeled antibedy is 

Jn a preferred embodiment, ·1he invention provides methods 
of treating djsorders in which the administration o f an anli
TNFa antibody is beneficial. comprising subcutaneously 

30 ad1ni1Jisleriog lo the subject biweekly an antibody o r antibody 
portion o f the invcmion such that the disorder is treated. In a 
particular ly preferred embodiment. the antibody is adminis
tered subcutaneously on a biweekly sd1edulc. In another par
ticularly preferred embodiment. the an1ibody is administered 

35 subcutaneously before, duriug or after administration of 
melhotrexate. Preferably. the subject is a humau subject. 
Alternatively. the subject can be a mammal expressing a 
TNFa with which an antibody of the invention cross-reacts. 
Still f111ther the s ubject can be a mammal into wh.icli has been 

40 introduced hTNfa (e.g .. by administration of hTNFa or by 
expression of an hTNFa transgene). A.n antibody of the 
invention can be administered lo a hwuan subject for thera
peutic purposes (discussed forthc.r below). Moreover. an anti
body of lhe invention can be administered 10 a non-human 

45 mammal expressing a TNFa witb which the anti body cross
rcacts (e.g .. a primate. pig o r mouse) for veterinary purposes 
or as an animal model of huma n disease. Regarding the lauer. 
such animal models may be useful for evaluating the thera
peutic efficacy of amibodies of the invention (e.g .• testing of 

50 dosages nnd t ime courses of miministrntion). 
As used herein, the term "a disorder in which the adrnin

islralion o f an anli-TNFa ant !body is beneficial" is intended 
to include diseases and other disorders in which the presence 
of TNFu in a subject suffering from the disorder has been 

55 shown to be or is suspected of being either responsible fort be 
patbophysiology of the disorder or a factor that co111ribu1es to 
a worse11iug of the disorder, or where it has been shown that 
a nother anl i-TNFa antibody or a biologically act ive portion 
thereof has been successfully used to treat the disease. 

6() Accordingly, a disorder in which TNFa activ ity is detrimen
tal is a disorder in which inhibition of TNFa activity is 
expected to alleviate the symptoms and/or progression of the 
disorder. Such disorders may be evidenced, for example. by 
an increase in the concentrat ion of TN Fu in a biological fluid 

65 of a subject suJlering from th.e disorder (e.g .. an increase in 
the concentration of TN Fa in semm. plasma. synovial fluid, 
etc. of the subject). which can be detected, !Or example, using 
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an anti-TNFa <Ultibody as described above. There are muuer
ous examples of disorders in which TN Fa activity is detri
mental. The use of the antibodies and ant ibody portions of the 
invention in the treatment of specific disorders is discussed 
further below: 

A. Sepsis 

26 
C. Infectious Diseases 

Tumor necrosis factor has an established role in the patho
physiology of sepsis, with biological effects that include 
hypotcnsiou. myocardial suppression. vascular leakage syn
drome, org,011 necrosis. stimulat ion of the release of toxic 

10 

secondary mediMors and activation of the cloning, casc,1de 
(see e.g., Tracey. K. J. and Cerami. A. ( l994)A111111. Rev. Med. 
45:491 -503: Russell. D and Thompson, R. C. (1993) Cun: 

Tumor necrosis factor has been implicated in mediating 
biological eJJects observed ina variety ofiufoctio us diseases. 
For example. TNFa has been implicated in media ting brain 
in.tlammation and capillary thrombosis and infarction in 
malaria (see e.g .. Tracey and Cerami, supra). TNFa also has 
been implicated in mediating brain inflammation. inducing 
breakdown of the blood-brain barrier. triggering septic shock 
syndrome and activating venous infarction in meningitis (sec 
e.g .. Tracey and Cerami. supra). TNFa also has been impli
cat1;.'CI in inducingcachexia. stimulating viral proliferation.and 
mediating central nervo us system injury in acquired immtu1e 
deficiency syndrome (AIDS) (see e.g .. Tracey and Cerruni , 
supra). Accordingly. the antibo dies. and antibody portions . of 
the invention. can be used in the treatment o f infectious dis
eases. including bacterial meningitis (see e.g., European 
Patent Application Publication No. EP 585 705) , cerebral 

Opin. Biotech. 4:714-72 1 ). Accordingly, the human amibod- 15 
ies. and antibody portions. of the invention can be used to trea t 
st:.J>Sis iu auy l!f its d i11i1:al selliugs. i11dutli1.1):1 st.'Pt.ic sh<Jck. 
endotoxic shock. gram negative sepsis and toxic shock syn
drome. 

1m1laria. AJDS and AIDS-rela ted complex (ARC) (see e.g., 
European Patent Application Publication No. EP 230 574). as 
well as cytomegalovims inJection secondary to transplanta-

Funhermore. to treat sepsis. an anti-hTNFa antibody, or 
ant ibody portion. oflhe invention can becoaclm.i11is1ered with 
one or more additional therapeutic agents that may fu11her 
all.eviate sepsis, sucl1 as an interlcuk.in-l inhibitor (such as 
those described in PCT Publication Nos. WO 92/16221 and 
WO 92117583), the cytokine interleukin-6 (see e.g., PCT 
Publ ication No. WO 93/I 1793) or an antagonist of platelet 
acqivating factor (see e.g .. European Patent Application Pub
lic~lioll No. EP 374 SJ 0). 

Additionally, in a preferred embodiment. an anti-TNFu 
antibody or antibody portion of the invention is admin.istered 
to a human subject within a subgroup of sepsis patients hav
ing a serum or plasma concentration oflL-6 above 500 pg/ml. 
and more preferably 1000 pg/ml, at the time of treatment (see 
PCT Publication No. WO 95/20978 by Darnu. L.. ct al.). 

B. Autoimmtllle Diseases 
Tumor necrosis factor lrns been implicated in playing a role 

in the pathopbysiology of a variety of autoimmtt11c diseases. 
Forexan1ple, TNFa has been implicated i.n activating tissue 
inf:lanu11ation and causing joint deslmction in rhctunatoid 
arthritis (see e.g., Tracey and Cerami. supra: A.rend. W. P. and 
Dayer, J-M. ( l995)Ar1h. Rheum. 38: 151- 160: Fava, R.A .. et 
a l. (1993) Clin. £.,p. lm11111nol. 94:261-266). TNFa also has 
been implicated in promoting the deatJ1 of islet cells and in 
mediating ins ulin resistance in d iabetes (see e.g., Tracey and 
Cerami. supra: PCT Publicat ion No. WO 94/08609). TNFa 
also has been implicated in mediating cytotoxicity to oligo
dcndrocytes and induction of inflalllillalory plaques in mul
tiple sclerosis (sec e.g .. Tracey and Cerami. supra). Chimeric 
i:md humanized murine anti-hTNFa antibo dies have under
gone clinical testing fOr treatment ofrheumatoid arthritis (sec 
e.g., EIJiott. M . .l.. ct al. (1994)Lancet344: 1125-1127: Elliot. 
M . .J., et al. (1994) La11ce1344:) 105- 1110; Rankin, E. C., et 
al. ( 1995) /Jr. J. Rheumatol. 34:334-342). 

20 lion (see e.g .. Fietze, E .. et al. ( I 994) Transplantation 58:675-
680). llle antibodies, and antibody portions, oflhe invention, 
a lso can be used 10 a lleviate symptoms associated with infec
tious diseases. including fever and myalgias due to infection 
(such as influenza) and cachexia secondary to infection (e.g .. 

25 secondary to AlDS or ARC). 
D. Transplantation 
Tumor necrosis factor has been implicmcd as a key media

tor of allograft rejection and g rafl versus host disease 
(GVIJD) and in mediating m1 adverse reaction that bas been 

30 observed when tbe rat antibody OKT3, directed agaiust the T 
cell receptor CD3 complex. is used 10 inhibit r~jection of 
renal transplants (see e.g .. Tracey and Cerami. supra: Eason. 
J. D .. el al. ( l995) Transp/an/atio1159:300-305: Suthmllhiran. 
M. and Strom, T. B. (1994) New Engl. J Med. 331 :365-375). 

35 Accordingly. the m1tibodies, and ant ibody portions. of the 
invention, can be used to inJ1ibit transplant rejectio n. includ
ing rejections of allogrn.fls a nd xcnografts and to inhibit 
GVHD. Allhougb the antibody or antibody ponion may be 
used alone. more preferably it is used in combination with one 

40 or more other agents that inhibit the immune response against 
the allogra.fi or inhibit GVHD. For example, in one embodi
ment, an antibody or antibody port ion of ll1e invention is used 
in combination with OKT3 to i11J1ibit OKT3-induced reac
tions. In another embodimem, an antibody or antibody por-

45 lion of the invention is used in combination with one or more 
antibodies directed at other targets involved in regulating 
immune responses, such as the cell surface molecules CD25 
(interlcukin-2 receptor-a). CD l la (LFA-1). CD54 (!CAM
I). CD4. CD45. CD28/CTLA4. CD80 (B7-l ) and/or CD86 

50 (B7-2). In yet a nother embodiment. an antibody or amibody 
portion of the invention is used in combination with one or 
more general immunosupprcssive agents, such as cyclosporin 
A or FK506. 

B. Malignancy 
Tumor necrosis factor has been implicated in inducing 

cacbexia. st imulating tumor groW1h, enhancing metastatic 
potential and mediatiu!:I cytotoxicity in malignancies (sec 
e.g .. Tracey and Cerami. supra) . Accordingly, tile antibodies. 
and antibody portions. of the invention. can be used in the 

Ilic humru1 antibodies, and antibody portions of the invcn- 55 
lion cao be used 10 treat ainoimnnu1e d iseases. in part icula r 
those associated with inllarnmation. inc luding rheumatoid 
arthritis, rheumatoid spondylitis, osteoarthritis and gouty 
arl!hritis. allergy. multiple sclerosis. autoimmune diabetes. 
au.toimmune uveitis and 1tephrotic syndrome. Typically, the 
antibody. or antibody portion, is administered systemically, 
allJ1ough for ce.rtain disorders. local administration of the 
antibody orantibody portion ata siteofinflam.mation may be 
beneficial (e.g .. local administration in the joints in rheuma
toid arthritis or topical appljcation to diabetic ulcers. alone or 65 

in combination with a cyclohexane-ylidene derivative as 
described in PCT Publication No. WO 93/1975 I ). 

6() lreatment of malignancies. to inhibit tumor growth or 
metastasis and/or lo alJcviatc cachexia secondary lo malig-
11ancy. The antibody, or antibody portion. may be adminis
tered sysremically or locally to the tumor site. 

F. Pulmonary Disorders 
Ttui10r necrosis foctor bas been impl icated in the patl10-

physio logy ofadull respiratory distress syndrome. including 
stimulating leukocyte-endothel ial activation, directing cyto-
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toxicity 10 pncmnocytes and inducing vascular leakage syn
drome (sec e.g., Tracey and Cerami. supra). Accordingly, the 
antibodies, and anlibody portions, of the invention. can be 
used to treat various pulmonary disorders, including adult 
respiratory distress syndrome (see e .g .. PCT Publication No. 
WO 91/04054 ), shock lung, chronic pulmonary inflammatory 
disease, pulmonary sa:rcoidosis, pulmonary fibrosis and sili
cosis. Tbc antibody, or antibody portion. may be administered 
systemically or locally 10 the lung surface, for example as an 
aerosol. 

G. Intes1i.n.1l Disorders 
Tumor necrosis factor has been implicated in the patho 

physio logy of innammaiory bowel disorders (see e.g .. Tracy, 
K. J .. el al. (1986) Science 234:470-474: Sun, X-M., el al. 
( 19 88).! Cf in. f11vest. 81 :1328- 1331: MacDonald. T. T., et al. 
( 1990) Clin. Exp. /111m11nol. 81:301-305). Chi1m:rii; mu.riue 
ant i-hTNFa antibodie s have undergone clinical testing for 
treatment of Crobn's disease (van Dullemen. F-1. M .. et al. 
( 1995) Gastroenterology I 09: 129-l 35). The human ~u11ibod
ies, and amibody portions, oftbe invention. also can be used 
lo treat int~'Slinal disorders. such as idiopathic inflammatory 
bowel disease. whicl1 includes two syndromes, Crohn's dis
ease and ulcerative colitis. 

H. Cardiac Disorders 
l11e antibodies, and antibody portions. of the invention. 

also can be used to treat various card.iac disorders, including 
i~cllcmi~ of Lhc hc<irt c~cc e.g .. EuropC<Ul P!ltcnt i\pplicutiou 
Publication No. EP 453 898) and heart insufficiency (weak
ness of the heart muscle) (see e.g., PCT Publication No. WO 
94/20139). 

1. Others 
The antibodies. and antibody portions, of the invention, 

also can be used to treat various other d isordcrs in which 
TNFa activity is de1rio1en1al. Examples of other diseases <md 
disorders in which 1NFa activity has been implicated in the 
pathophysiolog.y. and thus which can be: treated using rut 
antibody. or antibody portion. of the i.nvcntion. include 
inf:lammalory bone disorders and boneresorptiondiscase (see 
e.g., Bertoli11i. D. R .. et al. (1986) Nature 319:516-518: 
Konig, A., ct al. (1988) J. Bone Miner. Res. 3:621 -627: 

10 

28 
EXAMPLEJ 

Treatment with an Anti-TN Fa.Antibody D2E7 
Efficacy Following Subcutru1eous Administration 

In this study. twenty-four patien1s with active RA were 
treated with weekly dose$ o f 0.5 mg/kg D2E7 (11= !8) or 
placebo (n=6) by s .c. injection for ·three months . P<11icnrs 
participati ng in this study had a mean duration of disease of 
JO. I years with a disease activity score (DAS) score of 4.87 
and a mean of 3.4 DMARDs (disease modifying anti-rheu-
matic drugs) prior to study entry; again reflecting consider
able disease activity. Respond ers continued opeo-label treat
melll with D2E7, while patien ts wbo faikxl 10 respond 10 the 

15 0.5 mg/kg dose or who lost a DAS response on the 0.5 mg/kg 
dose were escalated LO receive I mg/kg by s.c. irtjection after 
week twelve of the study. 

The first patients enrolled rrcceived up 10 sixty injections 
and were. therefore. sixty weeks on the study drug. The cffi-

20 cacy with s.c. dosing was similarto i.v. injections . Up to 78% 
of patiems reached a DAS a11d ACR20 response during the 
first weeks oftreauuent. Subcutaneous D2E7 al a dose of0.5 
mg/kg/week reduced the swo] lenjoinl (SWJ) couat by 54%. 
lender joi.111 count (TJC) by 6 1 % and CRP by 39% overtwc!vc 

25 weeks compared to basel ine, whereas all parameters 
increased in tl1e placebo group. After completion of the pla
cebo-cumrolleJ periou "f 1hi:. oluuy. the paiieuts cou1i1ru1::d 
treatment for up to fourteen months with s ustained efficacy. 
Theseresu!ls indica1c that subcutaneous D2E7 at a doseofO.S 

30 mg/kg/week can. therefore. be safely self-adminis tered with 
good local tolerability. 
Administraliou of D2E7 and Mclhotrexate 

In this study, pa1icnrs received s.c. o r i.v. placeho nr D2F.7 
at a dose of I mg/kg in addiLion 10 their ongoing treaunent 

35 with (metbotrexate) MTX. Filly-four patients were enrolled 
in lhe study and eighteen patients received i. v. D2E7 and s.c. 
placebo. eighteen pa1ie11ts received i.v. placebo and s.c. 
0267. and eighteen patients received placebo i.v. aud s.c. The 
patients received their second dose only aHer they lost their 

40 blinded response sta tus. not earlier than four weeks after the 
first dose. 111ereafter, all patients received open-label 
biweekly s.c. injections of D2E7. 

Demographic characieris1ics of1he sludy populmion of1his 
study included n mean duration of RA of 11.l years. prior 

45 exposure 10 a mean of 3.6 DMARDs (other than MTX). and 
a mean DAS al study entry of4.8·1. By Day twenty-nine, 72% 
of the i.v. D2E7 treated patients ru1d 44% of the s.c. D2E7 
tr~11cd patients had achieved a response by DAS criteria. 
compared to only 28%oJ placebo-1rca1c<l patients (set forth in 

Lerner. U. 1-1. and Ohlin. A. ( 1993)J. Bone Mimtr: R1ts. 8: 147-
155: and Shrutkar. G. and Stem, P. H. (1993) Bone 14:871-
876), hepatit is. including a lcoholic hepaiitis (see e.g., 
McClain. C. J . and Cohen. D. A. ( 1989) llepatology 9:349-
351: Felver. M. E .. et a l. ( 1990) Alcohol . Cli11. E.\/J. Res. 
14:255-259: and Hansen. J ., el al. ( I 994)Hepatology20:46 1-
474) and viral hepatitis (Sheron. N .. et al. ( I 991) J Hepatol. 
12:241-245; and Uussain, M . .I .. ct al. ( 1994) J. Cli11. l 'athol. 
47:1 1 12-1 115). coagulation disn1rbances (see e.g., van dcr 
Poll. ·r..et al.(l990)N. Engl. J. Med. 322: 1622-1627: and van 
der Poll, T., el al. (1991) Prog. Clin. Biol. !?es. 367:55-60). 
bums (see e.g., Giroir. B. P. . et al. (1994) Am. J. Physiol. 

55 
267:H 118-124: and Liu. X. S .. et al. (1994) Burns 20:40-44). 
repcrfosion injury (st'C e.g .. Scales, W. E .. e l al. (1994) Am. J. 
Physiol. 267:GI 122-1 127; Scrrick, C .. ct al. ( 1994) Tra11s
planration 58: I 158-1 .162; a nd Yao. Y. M .. el al. ( 1995) Rems
citalion 29: 157- 168). keloid formation (see e.g .. McCauley, 6() 

R. L.. ct al. (1992)J. Clin. /11111111110 /. J 2:300-308), scar tissue 
for mation and pyrcxia . 

50 FIG. 5). OJ tile responder> in this s111dy. 28% of placebo 
treated patients maintained an ACR20 response up 10 day 29, 
compared to 72% o f i.v.-1rea1ed D2E7 pat ients and 67% of 
s.c.-treated D2E7 patients. wJ10 maintained d1cir responses 
for between one and three months. 

EXAMPLE2 

Total Body Dose ofa Subcutaneously Administered 
Anti-TNFo. Amibody 

Weekly, Subcutaneous Administration of D2E7 
This study enrolled two hundred eighty-four pat ients with 

RA and was designed to detennine the optimal tota l body 
dose of s ubcutaneously administered 0267. Patients were 
rondomized to receive either 20, 40, or 80 mg D2E7 or pla
cebo weekly for twelve weeks, after which time p!acebo
lrea1ed patiems were switched blindly 10 40 mg, D2E7/week. 

·111is ioventio n is further i llustraled "by the following 
examples which should not be construed as limiting. 'Ille 
coJlleats of all reforcuces, paients and published paten1 appli- 65 

cations cited 1hrougholll this application are hereby incorpo 
rated by reference. 
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Approximately 49% of patients reached ACR20 at 20 mg, 
55% uf p<llic:uts n.:ui.;IJt!d ACR20 <1140 tu~. aud 54% uf palic:ats 
reached ACR20 at 80 mg, while only l O"/o of patients receiv
ing placebo reached ACR20 (set forth in FlG. J A). Approxi
mately 23% of patients reached ACRSO a t 20 mg, 27% of 
patients reached ACRSO at 40 mg, and 20"/o of patients 
reached ACR50 at 80 mg, and only 2% of parients 1\.--Ceiving 
placebo reached ACRSO. These data illustrate that subcuta
neous D2E7. particularly al a dose of 40 mg/week. generates 
a good response. 

EXAMPLE3 

Biweekly, Subcutaneous Administra tion of an 
AnU-TNFo. Antibody Biweekly. Subcutaneous 

Administration of D2E7 

1l1e clinical effects. safety. immunogenicity. and to lerance 
ofRA patients w ith part ial responses lO MTX following every 
other week subcutaneous (s.c.) injections of placebo or D2E7 
at several dose levels for up 10 twenty-four weeks in coajunc
tio11 with conli11ued MTX treatment was i11ves1jgated. 
Study Design 

30 
as two s.c. injections of 1.6 mL each. The patiem's first dose 
was administered by medjcal personnel as parr of the patiem· s 
trailing. Subsequent doses were self-admirustered by the 
patient at the study under the direct observation of trained 

S personnel for the first four weeks. Thereafter, doses were 
admjnistered outside the study site by the patient, a trained 
individual designated by the patient. or by medical personnel. 
Medication for four or five weeks was dispenstxl after each 
clinical assessment. Patients were serially examined in weeks 

to one. two. three, four, six. eight. twelve. sixteen, twenty. and 
twemy-four of the study with the joint E;'X<1minillions being 
performed by a blinded assessor. iudependelll of the treating 
physician. 

15 
111is study enrolled t\~O hundred seventy-one patients wit11 

RA. 1l1e sllldy populatiou was representative of the moderate 
tu sevt:re RA pupulatiuu in Nurtl1 Arnerii.;a: apprux.imately 
70% female. and predominantly over the age of forty. The 
population was selcclcd using predetermined inclusion and 

20 exclusion criteria. known to those of skill in the art e.g .. a 
patient must have received a diagnosis of RA as defined by the 
1987-revised American CoJlege of Rbeumatology (ACR ) cri
teria (set forth in Appenrux A) 

A placebo-coutrolled. double-bljnd. raudomizi..'CI. muhi
ceuler study in patients with R.A. who had insufficielll effi- 2s 
cacy or tolerability 10 MTX was performed. During the 
course of the trial patiellls were continued on a stable dose of 
MTX with dose ranges specified in tbe inclusion criteria 
described below. 

Result; 
FIGS. 18 and 2-4 inrucate that subcutaneous. biweekly 

02137 treatment combined witl1 mctholrexate was signifi
cantly better than pli1cebo in reducing tl1e signs and symp
toms of RA a t twenty-four weeks. All three doses of D2E7 
were statistically significantly more cflectivc than placebo 

This st11dy consisted of two portions: 1) a "wash-out 
period" of four weeks prior to the administration of the first 
dose medicatjou. during which Lime DMARDs (except for 
MTX) were withdrawn; and 2) a "placebo controlled period" 
during which time patients were randomjzcd to one of four 
cohorts of sixty-seven patients to receive p lacebo. 20. 40. or 
80 mg D2E7 (as a total body dose) given every other week s.c. 
for up to 24 weeks. Each dose of study drug was administered 

30 given weekly. Furthermore, D2E7 at 40 mg and 80 mg bad 
better e fficacy than the 20 mg dose. 
Equivalents 

Those skilled in the an wi 11 recognize, or be able to ascer
tain using no more than routine experimentation. many 

35 equivalents to the specific embodiments of the invention 
described herein. Such equivalents arc intended to be encom
passed by the following claims. 
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ACR Definition of RA 

The 1987 classification tree criteria and functions for rheumatoid arthritis (RA) 
.. ""''<;nlVN Ut:.t-1"1 I KIN -

I. Arthr~1s or J or m0<e Joint areas At leaSI 3 )Olnt •reu s1muttaneou1Jy haYe had son bssues 
•wellng or ftulcl (.nol t>ony overgrowth alone) observed by a 
physicJ~n. The 114 possible Joint a1ell$ are right or left PIP, 

MOP, wrist, elbow, knee. anl<le. and MTP JOinlS. 
2. Mhril•s or harnd Joints I Son tissue l"tf'Rlng or fluid (nol Dony ove111rowth alone) of 

Wrist the $1>ecffied anea oburved by a physician. Where 2 
MCP areas are apecifled, Involvement must have been 
MCP or wrist simultaneous. 
MCP Ind wrist 

3 Symmetric swehing (arthritis) i Simu"aneous involvemenl of lhe same joint areas (as 
del'ined In 1 on both sides of the body {b~ 
involvement Ill PtP1. MCP"1, or MTPs b acceptable 
without ab$oMe syrnme\ly) 

4 . Sen.rn ''"""nato«f taaor ·~--tlon of abnormal amounts or servm mcuniitOld 
fad Of by any method for 'flhlch the result has been posilive 
ill <5'4 of normal control sutljects 

6 ~iovntphic ctlaogeos of rileumatoicl arthntis I Rac!iOgtaphie cnanges typieal ol rheuml!Did aMlill$ on 
p0steroanterlor hand and wnsl '9diognphs whk:h m~t 
lndude erosions or unequlvoail bony dec&lcification 
locallZed In or most marked ldjacent to Ille 111Yol¥ed fQints 
(Osteoarthritis ChaJlgeS •!one Clo root qualify) 

• A patient is said to have RA ii he/she is il1cludecl on t of 111e 5RA &Ubseb lialed 111 Table 7 and has a c:inicll diagnosrs of 
RA by hi1lher physician. Gm!ria 1, 2, and 3 must haw been prnem for .i lust 15 waeka. 

Anllr1tll tftd Rlt~""'•tha, Vol. 31, No. 3 (Mardi 1981) 

APPENDIX A 
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SEQ ID N"O:l: 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Al.a Ser Val Gly 
l S 10 lS 

Asp Arg Val Thr Ile Thr cys Arg Ala Ser Gln Gly Ile Arg Asn Tyr 
20 25 30 

Leu Ala Trp Tyr Gln Gln Lys Pro Gl y Lys Ala Pro Lys Leu Leu Ile 
35 40 45 

Tyr Ala Ala Ser Thr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro 
65 70 75 80 

Glu Asp Val Ala Thr Tyr Tyr cys Gln Arg Tyr J>..sn Arg Al.a Pro Tyr 
85 90 95 

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys 
100 3.05 

SEQ ID N0:2: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Arg 
l 5 10 15 

Ser Leu 'A.:rg Leu Ser cys Ala Al.a Ser Gly Phe Thr Phe A.ap A.sp Tyr 
20 25 30 

Ala Met His Trp Val Arg Gln Ala Pro Gly Lye Gly Leu Glu Trp Val 
35 40 45 

Ser Ala Ile Thr Trp Asn Ser Gly His Ile Asp Tyr Ala A.sp Ser Val 
SO SS 60 

· Glu Gly Arg Phe Thr Ile Ser Arg J>.sp Asn Ala Lys Asn Ser Leu Tyr 
65 70 75 80 

Leu Gln Met Asn Ser Leu Arg Al.a Glu A.sp Tbr Ala Val Tyr Tyr cys 
85 90 95 

Ala Ly• Val Ser Tyr Leu Ser Thr Ala Ser Ser Leu Asp Tyr Trp Gly 
100 105 110 

Gln Gly Thr Leu Val Thr Val ser ser 
115 120 

SEQ ID NO:Ji 

Gln Arg Tyr Asn Arg Ala Pro Tyr Xaa 
l s 
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SEO 1'.D NO :4: 

Val Ser Tyr Leu Ser Thr Ala Ser Ser ~eu Asp X&a 
l 5 .lO 

xaa of SEQ !D NO: 4 • Tyr or Asn 

SEO ID NO:S : 

Ala Ala S~r ThL Leu Gin Ser 
1 5 

SEO ID N0:6: 

Ala l le Thr Trp Asn Ser Gly Ki 5 Ile Asp Tyr Ala Asp Ser Vul Glu 
l 5 1.0 15 

Gly 

seo ro i-!0:7: 

Arq Ala Se~ Gln Gly Ile Ar~ A~o Ty~ Leu Ala 
1 5 lO 

SSO ID 1'10: 8: 

Asp Tyr Ala M•c His 
l s 

SE:O rn !-IC: 9: 

i<.!lp tle Gln Mee The Gln Ser PTO Sel" Ser J,;!\J s~~ Al4 S..: Il<? Cl}• 
1 s 10 l!> 

.t.sp '"'9 y,. ; '!'hr I 1"" Thr Cy$ A.rg A l a S<>J'. <il.n Cly Lle /\rr:; !Ia n Tyr 
2 0 25 JO 

I.Alu Ala Trp Tye G.l n Clo Ly::; P::o Cly Lys l\) .h Pro !. ys Leu r..eu 11" 
)~ -40 ~ !:> 

1'y !: Ala Ala Se r Th!: Leu Gln So r Gl y v,; l Pco Sar l>.rg llci Ser Cly 
so 55 60 

i>ar Gl.y se,- {; l y 'fhr As p Cl e Thr !.."" Th r !lo Sor s .... L-eu G ln Pr o 
65 70 I!> 30 

Cl u ;;'!'Ip v,,.,1 Al A Th r Tyi:: Tyr Cy.::s G !n Lys T y ·r A~n Sor r,1 ,,.. r> o-o ·r yr 
85 !lO 95. 

Al.!L Ile Gly Gln Gly Thr :.y!-4 V<ll ca .. !le Ly:< 
LOO 10~ 

SEQ IO NO : 10 : 
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Gln Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Arg 
l 5 10 15 

Ser t.eu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Pbe Asp Asp Tyr 
20 25 30 

Ala Mee His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Asp Trp Val 
35 4 0 45 

Ser Ala Ile Thr Trp A.sn Ser Gly His Ile Asp Tyr Ala Asp Ser Val 
50 55 60 

Glu Gly Arg Phe Ala Val Ser Arg Asp Asn Ala Ly~ Asn Ala Leu Tye 
65 70 75 80 

Leu Gln Mee Asn Ser Leu Arg Pro Glu Asp Thr Ala Val Tyr 'l'yr Cys 
85 90 95 

Thr Lys Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Asn ~rp Gly 
100 105 110 

Gln Gly Thr Leu Val Thr Val Ser Ser 
120 

SEQ ID NO:ll.: 

Gln Lys Tyr Asn Ser Ala Pro Tyr Ala 
1 5 

'SEQ ID NO:l2: 

Gln Lys Tyr Asn Arg Ala Pro Tyr Ala 
1 s 

SEQ ID NO:l.3: 

Gln Lys Tyr Gln J\.rg Ala Pro Tyr Thr 
1 5 

SEQ ID NO:l4: 

Gln Lys Tyr Ser Ser Al.a Pro TyT Thr 
1 5 

SEQ ID NO: l.5: 

Gln Lys Tyr Asn Ser Ala Pro Tyr Thr 
l s 

SEQ ID NO:l.6: 

Gln Lys Tyr Asn Arg Ala Pro Tyt:' Thr 
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39 40 

l 5 

SEQ ID NO:l.7: 

Gln Lys Tyr Asn Ser Ala Pro Tyr Tyr 

l. 5 

SEQ ID NO:l.8: 

Gl n Lys Tyr Asn ser Ala Pro Tyr Asn 
l 5 

SEQ ID NO :l.9: 

Gln Lys Tyr Thr Ser Ala Pro Tyr Thr 
1 5 

SEQ ID N0:20: 

Gln Ly:o Tyr Asn Ar9 Ala. Pro Tyr Asn 
l 5 

SEQ ID N0 : 2l. : 

Gln Lys Tyr Asn Ser Ala Ala Tyr Ser 
1 5 

SEQ ID N0 : 22: 

Gln Gln Tyr Asn Ser Ala Pro Asp Thr 
1 5 

SEQ ID N0:23: 

Gln Lys Tyr Asn Ser Asp Pro Tyr Thr 
l 5 

SEQ ID N0:24: 

Gln Lys Tyr Ile ser Ala Pro Ty:r Thr 
l 5 

SEQ ID N0:25: 

Gln Lys Tyr Asn Arg Pro Pro Tyr Thr 
l. 5 

SEQ ID NO: 26: 
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41 42 

Gln Arg Tyr Asn Arg Ala Pro Tyr Ala 
l s 

SEQ ID N0:27: 

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Asn 
l 5 10 

SEQ ro NO: 2a: 

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Lys 
l 5 10 

SEQ lD N0:29 : 

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Tyr 
l s. 10 

SEQ ID N0:30: 

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Asp 
l s 10 

SEQ I D N0:3l: 

Ala Ser Tyr Leu Ser Thr Ser Phe Ser Leu Asp Tyr 
l 5 10 

SEQ ID N0 : 32: 

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu His fyr 
l s 10 

SEQ ID NO: 33: 

Al.a Ser Phe Leu Ser Thr Ser Ser Ser Leu Glu Tyr 
l s 10 

SEQ ID N0:34: 

Al.a Ser Tyr Leu Ser Thr Ala Ser Ser Leu Glu Tye 
l. 5 10 

SEQ ID N0:35: 

Val Ser Tyr Leu Ser Thr Ala :Ser Ser Leu Asp rum 
l 5 J.O 
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43 44 

SBQ IO N0:36: 

GACATCCAGA TGACCCAGTC TCCATCCTCC CTGTCTGCA.T CTGTAGGGGA CAGAGTCACC 60 

ATCACT'l'GTC GGGCAAGTCA GGGCATCAGA AATTACTTAG CCTGGTATCA GCAAAAACCA 120 

GGGAAAGCCC CTAAGCTCCT GATCTATGCT GCATCCACTT TGCAATCAGG GGTCCCATCT 180 

CGGTTCAGTG GCAGTGGATC TGGGACAGAT TTCACTCTCA CCATCAGCAG CCTACAGCCT 240 

GAAGATGTTG CAACTTATTA CTGTCAAAGG TATAACCOTG CACCGTATAC TTTTGGCCAG 300 

GGGACCAAGG TGGAAATCAA A 321 

SEQ ID N0:3 7 : 

GAGGTGCAGC TGGTGGAGTC TGGGGGAGGC TTGGTACAGC CCGGCAGGTC CCTGAGACTC 60 

TCCTGTGCGG CCTC'l'GGATT CA.CCT'l'TGA'l' GATTATGCCA TGCACTGGGT CC\...3CAAGCT 120 

CCAGGGAAGG GCCTGGAATG GGTCTCAGCT ATCACTTGGA ATAGTGGTCA CATAGACTAT 180 

GCGGACTCTG TGGAGGGCCG ATTCA.CCATC TCCAGAGACA ACGCCAAGAA CTCCCTGT.AT 240 

CTGCAAATGA ACAGTCTGAG AGCTGAGGAT ACGGCCGTAT ATTACTGTGC GAAAGTCTCG 300 

TACCTTAGCA CCGCGTCCTC CCTTGACTAT TGGGGCCAAG GTACCCTGGT CACCGTCTCG 360 

AGT 363 

Appx340

Case: 17-2304      Document: 36     Page: 406     Filed: 12/13/2017



36

us 9,073,987 82 
45 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 37 

<210>- SEQ I O NO l 

<2ll> Ll>NGTH: 107 
<212> TYPE: PRT 
<.213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMA.TION: mutat.ed human antibody 
<220> FEATURE: 
c22l'!lo OTJ.lRR HJFORMA. TTON · mut::n.ted human n;nt:ibody 

<400> SEQUENCE: 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1 5 10 15 

Asp Arg Val Thr Ile Thr Cya Arg Ala Ser Gln Gl y Ile Arg Asn Tyr 
20 25 30 

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lya Ala Pro Lya Leu Leu Ile 
35 40 45 

Tyr Ala Ala Ser Thr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro 
65 70 75 90 

Glu Asp Val Ala Thr Tyr Tyr Cys Gln Arg Tyr Asn Arg A.la Pro Tyr 
85 90 95 

Thr Phe Gl y Gln Gly Thr Lys Val Glu Ile Lyo 
100 105 

<210> SEQ ID NO 2 
<211> LENGTH: 121 
<212> TYPE: PRT 
<213> ORGANISM: Artificial sequence 
<220> PE:ATURE: 

<223> OTHER INFORMATION: mutated human antibody 

<400> SEQUENCE: 

Glu Val Gln Leu Val Glu Ser Gly Gly Cly Leu Val Gln Pro Gly Arg 
5 ~ ll 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asp Asp Tyr 
20 25 30 

Al a Met His Trp Val Arg Gln Ala Pro Cly Lyo Gly Leu Glu Trp Val 
35 40 45 

Ser Ala Ile Thr Trp Asn Ser Gly His Ile Asp Tyr Ala Asp Ser Val 
so 55 60 

Glu Gly Arg Phe Thr Ile Ser Arg Jl.sp .Asn Ala Lys Asn Ser Leu 
65 70 75 

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr 
85 

Ala Lys Val Ser Tyr Leu Ser Th:r Ala 
100 lOS 

Gln Gly Thr Leu Val Thr Val Ser Ser 
115 120 

<210> SEQ lD NO 
c2 ll> LENGTH : 9 
<212> TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<220> PEJl,TURE: 

90 

Ser Ser i.,eu Asp 

<223> OTHER INFORMA.TIOll, mutated human antibody 
<220> FEATURE: 
<221> NAME/KEY: VARIANT 
<222> LOCATION: (9) 

Tyr 
110 

Tyr 
95 

Trp 

Tyr 
90 

Cys 

Gly 

46 
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<2 23> OTHER INFORMATION: Xaa - Thr or Ala 

<400> SEQUENCE: 3 

Gln Arg Tyr Asn A~g Ala Pro Tyr xaa 
l 5 

<210> SEQ 10 NO 4 
<2ll> LENGTH : 12 
<212> TYPE : PRT 
,213..,. ORGANISM : Axt.ificial Sequence 
<220> FEATURE: 

us 9,073,987 82 

-cont.inued 

<223 > OTHER lNFORf-1.A.T!ON i mutaced human a.ntibody 
<220> FEATURE: 
<221> NAME/KEY: V~RIANT 
<222> LOCATIO!l: (12) 
~22h OTHER INFORMATION: Xaa - T;'r o:r Aon 

<400> SEQUENCE: 

Val Ser Tyr Leu Ser Thr Ala Ser Ser L·eu Asp Xaa 
l 5 10 

<210> SEQ ID NO 5 
<2ll> LENGTH: ; 
<212> TYPE: l?RT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223~ OTHER I,t.JFOR.Ml\TIO!J; muc:i.c.ed hum.ctn :i.nt.ibody 

<400> SEQUENCE: 5 

Al a Ala Ser Thr Leu Gln Ser 
l 5 

~210~ SEQ IO NO 6 
<211> LENGTH: 1'1 
<212> TYPE: PRT 
<213> ORGANISM : Arti!icial sequence 
<220> FEATURE: 
<223> OTHER INFQRl'ATIO!I: mutated human antibody 

<400> SEQUENCE: 

Ala Ile Thr Trp Aon Ser Gly His Ile Asp Tyr Ala Aop Ser Val Glu 

Gly 

<210> SEQ I D 110 ; 
<211> LE:llGTH: 11 
<212> TYPE: PRT 

S 10 lS 

<213> ORGANISM : Artificial Sequence 
<2 20> FEATURE: 
<223> OTHER INFORMATIO!l: mutated human antibody 

Ar9 Ala Ser Gln Gly Ile Arg Asn Tyr Leu Ala 
1 s 10 

<210> SEQ ID NO 8 
<211> LENGTH: S 
<212> TYPE : PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: mutated human antibody 

<400> SEQUENCE: 8 

Asp Tyr Ala Met His 
5 

48 
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<210> SEQ ID NO 9 
<211> LENGTH: 107 
<212> TYl?E: l?RT 

49 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

-cont.inued 

<223> OTH!!R INFOR~ATION: mutated human antibody 

c 400> SEQUENCE: 9 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Ile Gly 
l 5 10 15 

A~p Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Arg Asn Tyr 
20 25 30 

Le·u Al a Trp Tyr Gln Gln Lya Pro Gly Lya Ala Pro Lys Leu Leu Ile 
35 40 45 

Tyr Ala Ala Ser Thr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly 
so 55 60 

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro 
65 70 7S 80 

Glu Aop Val Ala Thr Tyr Tyr Cye Gln Lye Tyr Aon Se,r Ala Pro Tyr 
85 90 95 

Ala Phe Gly Gln Gly Thr Lye Val Glu Ile Lye 
100 105 

<210> SEQ ID NO 10 
<211> LENGTH: 121 
<212> TYPE: PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEA.TlJRE: 
<223> OTHER IHFORMATION: mutated human antibody 

~400~ SEQUENCE: 10 

Gln Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Arg 
l s 10 15 

Ser Leu Arg Leu Ser Cyo A.la A.la Ser Gly Phe Thr Phe Asp Asp Tyr 
20 25 30 

Ala Met His Trp Val Arg Gln Ala Pro Gly Lyo Gly Leu Asp Trp Val 
35 40 45 

Ser Ala Ile Thr Trp Aen Ser Gly His Ile Asp Tyr Ala Asp Ser Val 
so 55 60 

Glu Gly Arg !?he Ala Val Ser Arg Aop Asn Ala Lye Asn Ala Leu Tyr 
65 70 75 80 

Leu Gl n Met Asn Ser Leu Arg Pro Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Thr Lys Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Asn Trp Gly 
100 105 110 

Gln Gly Thr Leu Val Thr Val Ser Ser 
115 120 

<210> SEQ ID NO ll 
<211> LENGTH: 9 
<212> TYl?E: l?RT 
<2lh ORGANISM· Artificial Sequ e n c" 
<220> FEATURE: 
<223> OTHER INFOR~J\TION; mutated human antibody 

<400> SEQUENCE: ll 

Gln Lys Tyr Asn Ser Ala Pro Tyr Ala 
s 

<210> SEQ ID NO 12 

50 
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<211> LENGTH: 9 
<212> TYPEt PRT 

51 

<213> ORGANISM , Artificial Sequence 

us 9,073,987 82 

-cont.inued 

<223> OTHER INFORl'.ATION: mutate<! human antiboety 

Gln Lys Tyr Asn Arg Ala Pro Tyr Ala 
5 

<210> SEQ IO NO 13 
< 211> LENGTH: 9 

<212> TYPE: E'RT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
~223:-- OTHER INFORMATION: mutac.ed. human ant.ibody 

<400> SEQUENCE: 13 

Gln Lya Tyr Gln Arg Ala Pro Tyr Thr 
l 5 

<210> SEQ IO NO 14 
<2ll> LENGTH: 9 
<212> TYPE, l?RT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE: 
<223~ OTHER I,t.JFOR.Ml\TIO!J; muc:i.c.ed hum.ctn :i.nt.ibody 

Gln Lys Tyr Ser Ser 1!\la Pro Tyr Thr 
l 5 

~210~ SEQ IO NO 15 
<211> LENGTH: 9 
<212> TYPE: PRT 
<213> ORGANISM : Arti!icial sequence 
<220> FEATURE: 
<223> OTHER INFORl'ATION: mutated human antibody 

<400> SEQUENCE, 15 

Gln Lys Tyr Asn Ser Ala Pro Tyr Thr 
l 5 

<210> SEQ ID NO 16 
<211> LENGTH: 9 
<212> TYPE: PRT 
<213> ORGANJSM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION ' mutated human antibody 

<400> SEQUENCE: 16 

Gln Lys Tyr Asn Arg Ala Pro Tyr Thr 
l 5 

<210> SEQ IO NO 17 
<2 ll> LENGTH: 9 
<212> TYPE: , PRT 
<213> ORGANISM: Artificial Sequence 
< 22Cb FEATURE· 
<223> OTHER INFOR~.ATION: mutated human antibody 

<400> SEQUENCE: 17 

Gln Lys Tyr Asn Ser Ala Pro Tyr Tyr 
l 5 

<210> SEQ ID NO 18 
<211> LENGTH: 9 

52 
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<212> TYPE: PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

us 9,073,987 82 

-cont.inued 

<223> OTHER INFORMA.TION: mutated human antibody 

<400> SEQUE'.NCE: 19 

G1-n Lya Tyr Aen Ser A.la Pro Tyr Aan 
l s 

<210> SEQ ID 110 19 
<211> LENGTH: 9 
<212 > TYPE: PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORt'ATION: mutated human antibody 

<400> SEQUENCE: 19 

Gln Lyu Tyr Thr Ser Ala Pro Tyr Thr 
l 5 

<2H» SEQ ID NO 20 
<2 11 > LENGTH : 9 

<212> TYPE: PRT 
<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: mutated human 

<400> SEQUENCE: 20 

Gln Lys Tyr Asn Arg Ala Pro Tyr Asn 
l 5 

<210> SEQ ID NO 21 
< 2 lL> LENGTH : 9 
<212> TYPE: PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

antibody 

<223> OTHER INFORMATION: mutated human antibody 

<400> SEQUENCE: 21 

Gln Lys Tyr Asn Ser Ala Ala Tyr Ser 
1 5 

<=210~ SEQ ID no 22 
<211> LENGTH: 9 

<212> TYPE: PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<2 23 > OTHER INFORtl.A.TION: mutated human antibody 

<400> SEQUENCE: 22 

GlTI Gln 'l"yr A~n Ser Ala Pro Asp Thr 
1 5 

<21 0> SEQ ID NO 23 
<211 > LENGTH : 9 

<212> TYPE: PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
< 22h OTHER IJrFORl'ATION ; mu tat I'd human antibody 

<400> SEQUENCE: 23 

Gln Lys Tyr Asn Ser Asp Pro Tyr Thr 
s 

<210> SEQ ID NO 24 
<211> L!i:NGTH: 9 
<212> TYPE: PRT 

54 
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<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

us 9,073,987 82 

-cont.inued 

<223> OTHER INFORMATION: mutated human antibody 

<400> SEQUENCE: 24 

Gln Lys Tyr Ile Ser Ala Pro Tyr Thr 
l 5 

<210> SEQ ID NO 25 
,211, LENOTH : 9 
<212> TYl?E: l?RT 
<213> ORGANISM: A%tificial Sequence 
<220> l'EATORE: 
<223> OTHER INl'OR~AT!ON : mutated human antibody 

<4 00> SEQUENCE , 25 

Gln Lyo Tyr Asn Arg Pro Pro Tyr Thr 
l 5 

<210> SEQ ID NO 26 
<2ll> LENGTH: 9 
<212> TYPE: PRT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: mutated human 

Gln Arg Tyr Asn Arg Ala Pro Tyr Ala 
1 s 

<210> SEQ ID NO 27 
<2 11> LENGTH: 12 
<212> TYPE: ?RT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

antibody 

<223> OTHER INFORMATION: mutated human antibody 

<400> SEQUENCE: 27 

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Acp Asn 
l s 10 

<210> SEQ ID NO 28 
<2lb LENGTH: 12 
<212> TYPE: ?RT 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMA.T!ON: mutated human antibody 

dOO> SEQUENCE : 28 

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu AGp Lyo 
s io 

<210> SEQ ID NO 29 
<2U> LENGTH : 12 
<212> TYPE: PRT 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFOR!'AT!ON: mutated human antibody 

<400> SEQUENCE: 29 

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu A$? Tyr 
5 10 

<210> SEQ ID NO 30 
<211> LENGTH: 12 
<212> TYPE: PRT 
<213> ORGANISM: Art i ficial Sequence 

56 
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57 

-cont.inued 

<2 20> FEATURE: 
<223> OTHER INFORMATION: mutated human antibody 

<4 00> SEQUENCE' 3 0 

Al a Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Asp 
1 s 10 

<210> SEQ ID NO 31 
<211> LENGTH , 12 
,212> TYPE : PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFOR~ATION : mutated human antibody 

<400> SEQUENCE: 31 

Ala Ser Tyr Leu Ser Thr Ser Phe Ser Leu A"P Tyr 
s 10 

<210> SEO I D NO 32 
<211> LENGTH , 12 
<212> TYPE, PRT 
<213> ORGANISM , Art ificial Seque nce 
<220> FEATURE, 
<223> OTHER INFORMATION . mutated human antibody 

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu His Tyr 
l 5 10 

<210> SEQ ID NO 33 
<211> LENGTH, 12 
<212> TYPE, PRT 
~213~ ORGANISM: Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION: mutated human anti body 

<400> SEQUENCE: 33 

Al a Ser Fhe Leu Ser Thr Ser Ser Ser Leu Glu Tyr 
1 s 10 

<210> SEQ ID NO 34 
<211> LENGTH, 12 
<=212":> TYPE: P'RT 
<213> ORGANlSM: Art i ficial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, mut ated human anti body 

<400> SEQUENCE, 34 

Al a Ser Tyr Leu Ser Thr Ala Ser Ser Leu Glu Tyr 
1 s 10 

<210> SEQ ID NO 35 
<211> LENGTH: 12 
<212> TYPE: PRT 
<213> ORGANISM : Artificial S@quence 
<220> FEATURE: 
<223> OTHER UJFORMA.TION: mutated human antibody 

<400 > Sll:QU.:.JCE· 35 

Val Ser Tyr Leu Ser Thr Ala Ser Ser Leu Asp Asn 
1 s 10 

<210> SEQ ID NO 36 
<211> LENGTH , 321 
<212> TYPE, DNA 
<213> ORGAMISM: Art.ificial Sequence 
<220> FEATURE: 

58 
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59 

-cont.inued 

<2 23 > OTHER INFORMATION' mutated human antibody 

<400> SEQUENCE: 36 

gacatccaga tgacccagtc tccac.cctcc 

atcacttgc.c gggcaagtca gggcatcaga 

gggaaagccc ctaagctcct gatctatgct 

cggttcagtg gcagtggatc tgggacagat 

gaagatgttg caact.tat ta ctgtcaaagg 

gggaccaagg tggaaatcaa a 

~210> SEQ ID NO 37 
<211> LENGTH: 363 
<212> TYPE: DNA 

ct.gtct.gcat 

aattactc.ag 

gca tcca.ctt 

ttcact.cc.ca 

tataaccgtg 

<213> ORGANISM: Artificial Sequence 
c220> FEATURE, 

ctgtagggga cagagtcacc 

cctggtatca gcaaaaacca 

tgcaatcagg ggtcccatct 

ccaccagcag cctacagcct 

caccgtatac ttttggccag 

<223> OTHER INFORMA.TION: mutated human antibody 

<400> SEQUENCE: 37 

gaggtgcagc tggtggagtc tg9999a99c ttggtacagc ccggcaggtc cctgagactc 

tcctgtgcgg cctctgga tt caccttt.gat gattatgcca tgcactgggt ccggcaagct 

ec:.999:.499 9oec9-9:i..:.c9 99eoce.,,9ot. 4\ee:.ciec.99:- :.co9c99c.e:. 04e49:.ct3c 

gcggactctg tggagggccg at.t.caccatc tccagagaca acgccaagaa ctccctgtat 

ct-gcaaat.ga acagtctgag agctgaggat acggccgtat attactgtgc 9aaa9tctc9 

taccttagca ccgcgtcctc ccttgactat tggggccaag gtaccctggt caccgtctcg 

agt 

60 

60 

120 

180 

240 

300 

321 

60 

120 

190 

240 

300 

360 

363 

What is claimed: 
1. A mc1hod of reducing signs and symptoms i11 a palicnt 

wi.th moderately to severely :1ctive rheunrntoid arthritis. com
prising: 

administering 10 said paiient a total body dose of 40 mg of 
40 

a human allli-TNFa antibody, 
wherein !he dose is adminislered subcu1a11cously from a 40 

mg dosage unit form once every 13-15 days. and 

acid sequence of SEQ JD N0:5. and a CDR3 having the 
amiuo acid sequence of SEQ ID N0:3; and a variable 
heavy ("V1/') chain regio n comprising a CORI having 
the amino acid sequence of SEQ ID NO:S, a CDR2 
having 1he amino acid sequence of SEQ lD N0:6 and a 
CDR3having1heamino acid sequence of SEQ JI) N0:4. 

wherein the anli-TNFa antibody comprises an IgG I heavy 
chain cons1am region: a variable light ("V L") chain 

45 

region comprising a CDR I having lhc amino acid 
sequence of SEQ ID NO:?. a CDR2 having lhe amino 

2. The method oJ' claim 1. wherei111he VL chaio region of 
1he anti-TNFa antibody bas tlue amino acid seq11e11ce of SEQ 
ID NO: I and 1he VF/chain region oflhe anti-TNFa a111ibody 
has !he amino acid sequence of SEQ ID N0:2. 

* * .. * * 
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